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INT RO DUCT I ON 
Sed i men t tra n s p ort i s  a p hen o men o n  wh i c h  mu s t  -be 
taken i n t o  a c c o u nt when a n  en g i neeri n g  projec t i n c l u des 
or i n f l uen ces a n a t ura l c ha n nel . Mo s t  n o t a b le o f  t hese 
projec t s  are 
bri d g e· p iers . 
depen den t o n  
reserv o irs, ri ver tra i n i n g  s tru ctures a n d  
T he u sef u l  l i fe o f  a reserv o ir i s  d i rec t l y 
t he a mo u nt o f  sed i men t tra n s p o rted i n  a 
ri ver .  R i ver tra i n i n g  s truc tures a f fec t the a c c elera t i o n  
o f  t he f l ow a n d  c au se s c o ur or dep o s i t i o n  depen den t o n  
des i g n . Bri d ge p iers wh i c h  are n o t pro perLy d es i g ned c a n  
a l s o  c au s e t he s a me a c cel era t i o n s  c a u s i n g  dep o s i t i o n  or , 
i n  a wors t c a se ,  s c o ur , t hrea t en i n g·t he p i er a n d  bri d ge. 
The desi g n  o f  eart hen c ha n nel s mu s t  t ake i n t o  
a c c o u n t  sed i men t tra n s p ort. 
t he c h a n nel bel ow t hres ho l d  
c au se tra n s _p ort . Tra n s p ort 
w i t h  hydra u l i c  eq ua t i o n s  i n  
Des i g n s  are ma d e  t o  ·keep _ 
va l ues o f  . p arameters wh i c h  
eq ua t i o n s  c a n  a l s o  be u sed 
c o m p u t er mo d el s o f  ri vers 
t o  pred i c t  area s o f  s c o ur a n d  dep o s i t i o n. 
M a ny met ho d s  are a v a i l able f o r  tra n s p ort 
c a l c u l a t i o n s . These met h o d s i n c l ude D u boys, Ei n s t ein, 
C o l by a n d  T o f f a let i, t o  n a me o n ly a few.(S) A l l  met h o d s  
u se d i f feren t type s  o f  ana lys i s  o f  t he . hydrau l i c  d a t a  
from t he s tre a m . I n  1 9 73, A ckers a n d  Wh i te i n t ro d uced a 
s im p l e  set o f  new eq ua t i o n s  wh i ch, i n  t he word s o f  t he 
1 
aut ho r s , "a�o i d s  r e f i ne ments t hat may c o m p l i cat e the  
ap p l i cat i o n  w i t h o u t  ad d i n g  much t o  ac c u rac y " .(1) The s e  
e q uat i o n s  ar e t o  b e  u s e d  f o r  u n i f o r m ,  n o n c o he s ive 
s e d i me n t s .  
S i n c e  no r mal s t r eam b e d s  d o  n o t c o n tai n u n i f o r m 
g rada t i o n s  o f  s e d i me n t , at t e mp t s  have b e e n mad e  t o  var y 
t he A c k e r s  Wh i t e t ran s p o r t  e q uat i o n s  f o r  u s e  i n  
t ran s p o r t  cal c u lat i o n s  wi th a g rad e d  s e d i me n t: The 
mo s t  no tab l e  of  the s e  is  t h e  Wh i t e  an d Day wo r k  at t he 
Hy d r au l i c  R e s ear c h  S tat i o n  ( HR S ) i n  Wal l i n g f o r d, 
En g lan d . ( 6 ) 
Th i s  t he s i s  i s  an at t e m p t  t o  mo d i f y  the 
o r i�i na l  Ack e r s  - Wh i t e  e q uat i o n s  t o  ap p l y  to  g rad e d  as 
we l l  as u n i f o�m s e d i men t s . Data was o b tai n e d  f r o m  w o r k  
d o n e  b y  Wh i t e  an d Day . ( 6 )  A c o mp u t e r  p r o g ram was u s e d  t o  
g ene rat e parame t e r s  f r o m t h i s  data . T h e  t h r e s ho l d  val u e s  
f o r  t ran s p.o r t  we r e  cal c u lat e d  f r om ac t ua l  t ran s p o r t  data 
an d u s e d  t o  g e n e rat e a ne w cu rve f o r  u s e  in g rad e d  
s e d i me n t  t ran s p o r t  cal c u lat i o ns . The s p e c i f i c  o bje c t ive s 
o f  t h e  p r oje c t  ar e as f ollows : 
1 )  Mo dif y t he o r i g i nal A c k e r s  - Wh i t e  
e q ua t i o n s  t o  ·al l o w  t h e  u s e  .o f  s i z� 
f rac t i o n s  t o  cal c u la t e  the  t ran s p o r t  o f  
2 
gra d e d  s e d i me n t s  a s  we l l  a s  u n i f o rm 
s e d i me n t s . 
2 ) Ma t ch c a lc u l a t e d  tran sport valu e s t o  
t he ori g i na l  A c kers - Whi t e  pro c e d ure a n d  
3)  Ma t c h  c a l c u l ate d t ra n sport v a l u e s t o  a ctu a l 
tra n sport va l u e s  f or e a c h  s i z e  fra c t i o n . 
J 
L I T ER ATUR E R EVI EW 
S e d i me n t g radat i o n s  can ran g e  f r om we l l  g r ad e d  
t o  p o o r l y  g rad e d  o r  u n i f o r m . The s e  g radat i o n s  ar e 
f o u n d  b y  u s i n g  a s i eve· anal y s i s  o f  t h e  s e d i m e n t . The 
s e d i me n t  is then gr o u p ed  i n t o  pe r c e n tag e s  of the t o tal 
sam p l e  bas e d  on c e r tain d iame t e r  ran g e s . 
The  d iame t e r  s i z e  c las s i f i cat i o n  u s e d  i n  t h i s  
t he s i s  was p r o p o s e d  b y  t h e  Ame r i can Ge o p h y s i cal Un i o n  
S u b c o mm i t t e e  o n  S e d i men t Te r m i n o l o g y  an d i s  g iven i n  
Tab l e  1. Th e c las s i f i ca.ti o n  i s  bas e d  o n  a g e o me t r i c  
s e r i e s  w i th  a rat i o  o f  two . The c las s i f i cat i o n  al so 
i n  c ·l u d e s  c 1 a y s , s i 1 t s , c o b b  1 e s , an d b o u 1 d e  r s , b u t  t h e s e  
s i z e s  ar e no t i n c l u d e d  i n  t h e  s i z e  ran g e  c ove r e d  b y  
t h i s  t h e s i s . 
A n y  s p e c i f i e d s i z e  i s  r e f e r r e d  t o  as the  
" p e r c e n t  f i n e r" .  Fo r examp l e, t he d iame t e r  f o r  wh i c h  
16 p e r c e n t  o f  mat e r ial i s  smal l e r  i s  r e f e r r e d  t o  as the 
D16 s i z e . The m e d ian s i z e  o f  the b e d  i s  t he n50 s i z e. 
r e p r e s e n t s  a meas u r e  of  
un i f o r m i t y  ( o r  n o n u n i f o r mi t y) of  t h e  ag g r e gat e g radat i o n . 
Lar g e r  va l u e s i n d i cat e a wi d e l y  g rad e d  sam p l e , whe reas . 
val ue s c l o s e  t o  u n i t y  i n d i cat e ·a u n i fo r m  
A s s um i n g  t hat t h e  par t i c l e  s i z e s  ar e n o r mally 




Table 1 • . Sediment Size Classification ( in 4) 
Abbreviation 
Size Range 





Very coarse gravel VCG 64-32 2.5-1.3 .1485 
Coarse gravel CG 32-16 1.3-0.6 .0742 
Medium gravel MG 16-8 0.6-0.3 .0371 
Fine gravel FG 8-4 0.3-0.16 .0186 
Very fine gravel VFG 4-2 0.16-0.08 .00928 
v·ery coarse sand vcs 2000-1000 2-1 -3 4.64x10_3 
Coarse sand cs 1000-500 1-0.5 2.32x10_3 Medium sand MS 500-250 0.5-0.25 1.16x10_4 
Fine sand FS 250-125 0.25-0.125 5.80x10_4 
Very fine sand VFS 125-62 0.125-0.062 2.89x10 
\_f\ 
d i s t r i b ut ed , 6 8 . 3 % · o f  the  s ize s i n c l u d ed i n  t he g r a d a t ion 
w i l l  be i n c l u d e d  wi t h i n  1 s ta n da r d  de v i a t i o n· of the 
mean . ( 3 )  Th i s  g i v e s  the  va l ue s  of n8 4  a n d  n16 , c e n t e r e d  
a r o u n d  t he n5 0  s i z e . 
S p e c i f i c  g r av i ty , d e n o t ed s g , i s  t he u n i t  we i g h t 
o f  a s u b s t a n c e  d i v i d e d  b y  t he u n i t we i g h t  o f  wa t er .  
The mo s t  c o mmon l y  u s e d  va l u e  f o r  s p e c i f i c  g r a v i t y  i s  
2 . 6 5 ,  t he s p e c i f i c  g r a v i t y  o f  qua r t z, a m i ne r a l  wh i c h  i s  
e nc o u n t e r e d  i n  t r a n s p o r t e d  ma t e r i�1 . ( 4 )  
6 
ACKERS - WHITE 
The original development of the theory for this 
equation was done by Ackers in 1 97 2 . In 1 9 7 3, Ackers and 
White used an optimization process incorporating 92 5 
individual sediment transport experiments to develop 
equations for transport of uniform sediments.(!) 
A partial synopsis of the Ackers and White work 
follows. For this derivation it is assumed that two 
processes of sediment transport are involved. In the 
first process, fine material moves in the body of the 
flow and is kept aloft by turbulence. In the second 
process, coarse material moves along the bottom of the 
channel, in a rolling sliding motion •. 
In the initial· phase of development the coarse 
grained bed is assumed. Using (_ to represent the shear cg 
stress on the bed, and f to represent the mass density of 
the fluid, the shear velocity can be defined by 
u. = ·{C If' ( 1 ) 
It is also assumed that the coarse grained surface 
gives rise to turbulent flow and the effective shear 
bears a similar relationship to mean stream velocity 





12.3 y ) = {32 log ---k:--- ( 2 ) 
where y and k designate the depth and grain roughness. s 
Rearranging equations, 
v 
= --------- ( 3 ) 
where o< takes into account the 12.3 factor and the 
constant relating k to the diameter, d. The resistance s 
of a single layer of grains is given by 
p tan ; p g ( sg-1 ) d ( 4 )  
where tan� is the coefficient of friction, and p is the 
void or packing factor. 
The ratio of the applied stress to the resistant 
stress is called the sediment mobility and is denoted 
F 2 The factor ptan � is considered a constant for cg • r 
typically shaped sediments and is omitted. rhen, 
v 
F = ----------cg V32g ( sg-l ) d 
1 
(5) 







= sediment load (weight in air per unit width 
per unit time) which is 
x
b f g Vy . ( 7 ) 
where V denotes velocity and Xb denotes bed sediment 
transport as a concentration by weight (mass flux of 
sediment divided by mass flow rate) . The term reg v 
denotes that part of the stream power which 
grain shear stress (per unit area of bed) . 
The useful work rate divided by the 
used gives an efficiency term, denoted E cg 
equation 3 and equation 7, 
Ecg 
= Wb ( �;;=) -==-��;�����) 2 
replacing wb gives 
E cg 




Multiplying the efficiency of the proce�s by the 
the 
power 
( 8 )  
. 
( 9 )  
dimensionless sediment mobility gives the dimensionless 
sediment transport rate, denoted by G cg 
G cg 




( 1 0) 
9 
To exteid this analysis to the fine and transitional 
sizes the particle Reynolds number, denoted Rb' is 
needed. 
Since F and Rb both depend on the assumed gr 
characteristic velocity, neither remains constant for a 
set of flume experiments with a certain size of sediment. 
This gives rise to the dimensionless Dgr term, 
D
8r 
2 d (-���;=��) 113 ( 1 1 )  
which is R 213
 * F -213 
b gr This term remains constant for 
a set of flume experiments using a constant water 
temperature. 
Fine material is assumed to be carried in 
suspension by turbulence. The particle mobility then 
cannot be treated on the basis of shear stress but is 
assumed to be given by the ratio of shear velocity to 
fall velocity, 
= ( 1 2 ) 
To include the transition sediment sizes, the 
efficiency of transport for these sedimeits, derioted E 
cg' 
is assumed and is shown tG be a function of the 
dimensionless �rain size, D gr' as well as th� sediment 
10 





- * F ­fg ,jgd(sg-1) 
giving Efg 
= f(Ffg' Dgr) .  
D gr 
-3/2 (13) 
The sediment transport for fine sizes (Gfg) is 
then defined as, 
G - E F3 D3 = fg fg fg gr 
X y s 
sg d 
u*f ____ s_ (14) 
v 
The dimensionless transport terms are similar for the 
fine and coarse grain terms giving the form · 
(15) 
where n = 1 for fine grains and n = 0 for coarse grains. 
Assuming the D value equals 1 for fine grains (n=1) to gr 
satisfy equation 13 , the similarities between the 
mobility equations gives 
U n * 
F gr = ---------\)gd(sg-1) 
(-----�------- y-n 
\{32 log ( �d�)) 
(16) 
where n = 1 for fine grains and n = 0 for coarse grains 
as before. A complete derivation of t-hese functions is 
given in Reference 1. 
11 
T e s t i n g  wa s d o ne o n  va r i o u s  s i z e s  o f  g r a v e l  t o  
o b t a i n  the� v a l ue . The v a l ue o< wa s f o u n d  t o  b e  n e a r  10 
whe n  the c o n s t a n t s  12.3 a n d  k a r e  c o mb i ne d . s 
G r a phs o f  G p l o t t ed o n  the  b a s i s  o f  F g a v e  g r  g r  
p o i n t s  wh i c h  p l o t t e d  a s  a c u r v e  whi c h  a s y m p t o t i c all y 
a p p r oa che d a l i mi t i n g  va l ue o f  F a t  l ow e r  va l u e s  o f  g r  
G Th i s  l i m i t i n g  v a l u e  o f  F r e p r e s e n t eq A, the g r  g r  
i n i t i al mo t i o n  p a r a me t e r . 
An o p t im i z i n g  p r o c e d u r e  wa s u s e d t o  f i n d  v a l u e s  
o f  A a n d  n tha t g a v e  m i n imum s c a t t e r  whe n  p l o t t e d  a g a i n s t  
D v a l u e s .  g r  
T h e  r e l a t i o n s h i p s  e x plo r e d s u g g e s t e d  a p owe r 
f u n c t i o n . s ho u l d  b e  u s e d . To  i nc l u d e  the t r a n s i t i o nal 
s i z e s  o f  s e d i m e n t the g e n e r a l  e q ua t i o n  f o r  the 
d i me n s i o n l e s s  t r a n s p o r t  b e c am e  
G . = C g r  
wh e r e  C a n d  m we r e  valu e s tha t v a r i e d  wi th t h e  D g r  
(17) 
Us i n g  e q ua t i o n  17, a n  o p t i mi z i n g  p r o c e d u r e  wa s 
u s e d  tha t a s s ume d all c o e ffi c i e n t s, C, A, m an d n, v a r i e d  
wi t h  D g r  I n  all, 925 i n div i d ual t r an s p o r t  e x p e r im e n t s  
we r e  u s e d  i n  the o p t i mi z i n g p r o c e d u r e . 
A t r a n s i t i o n  r ange wa s f o u n d  t o  b e  d e f i ne d  b y  1 
< D < 60 . Th e v a l u e s  fo r A a n d  n we r e  b e t t e r  r e l a t e d  g r  
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t o  D tha n  t he C a n d  m va l ue s . · The  A a n d  n va l u e s  f r o m g r  
t h i s  r e l a t i o n s h i p  we r e  t h en u s e d  to  o p t i mi z e  · va l u e s
. 
f o r m 
a n d  t h e n  t o  o p t i m i z e  va l u e s  f o r  C .  F o r  t he c o a r s e  
ma t e r i a l , D > 60 ,  g r  t he
 va l u e s  we r e  a s su m e d  t o  b e  






0 . 1 7  
1 . 5 0 
0 . 0 2 5  
( 1 8 )  
( 1 9 )  
( 2 0 )  
( 2 1 )  
I n  t he t r a n s i t i o n  r an g e , t h e-r e l a t i o n s h i p s  w e r e: 
n = 1 . 0 0  - 0.56 l o g  D g r  
A = 0 . 2 3 / D + 0 . 1 4  g r  
m = 9.66/D + 1 . 3 4  g r  
( 2 2 )  
( 2 3 )  
( 2 4 )  
l o g  C = 2 . 8 6 l o g D - (l og  D ) 2 - 3 . 5 3 ( 2 5 )  gr  gr 
The  a s s u m p t i o n  o f  t he t r an s i t i o n  r an g e  i n c l u d i ng  
D va l u e s ·fr om  1 t o  60  exc l u d e s  t he u s e  o f  t h i s  g r  
p r o c e d ur e i f  t h e  p a r t i c l e  s i z e  o r  t h e  n3 5  s i z e  o f  the 
mat e r i a l  g r a d a t i o n  
A t  mod e r a t e  r a n g e s  
p r o d u c e s  a D va l ue sma l l e r  t h a n  .1. g r  
o f  vi s c o s i t i e s  ( t e mp e r a t u r e  4 0° F -
1 0 0° F), t he l i mi t i n g  par t i c l e  s i z e s a r e  t h o s e  i n  the  
c o a r s e  s i l t  r a n g e. Th e s e  s i z e s  are  s l i g h t l y  s m.a l l e r  t h a n  
the  #2 0 0  s i eve. The  o r i g i na l  e q ua t i o n s  we r e  d e r ive d fo r 
u s e  wi t h  u n i f o r m  b e d  ma t e r i a l s. Th e a u t h o r s  .s u g g e s t  t h e  
SOUTH DAKOTA STATE UNIVERSITY LIB A. Y 
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14 
u s e  o f  t h e  D35 s i z e  a s  t he s i g n i f i c a n t  s i z e i f  a g r a d e d  
b e d  ma t e r i a l  i s  u s e d . The D35 s i z e  i s  t h e  ·s i z e  fn t he 
b e d  wh i c h  i s  l a r g e r  t ha n  35 p e r c e n t  o f  t he m a t e r i a l  i n  
t h e  b e d . 
WHI T E  - ·nAY 
I n  1980, Wh i t e  a n d  Da y u n d e r t o o k  a n  i nve s t i g a t i o n  
a t  the H y d r au l i c R e s e a r ch S t a t i o n  ( HRS ) i n  Wa l l i n g f ord, 
E n g l a n d , i n t o  t he t r a n s p o r t  cha r a c t e r i s t i c s  o f  g r a d e d  
s e d i men t s . ( 6) Th e y  p r e sumed  tha t the a s s u m p t i o n o f  o n e  
s i z e , the n35, t o  d e s c r i b e  t he en t i r e  b e d  wa s t o o  
s i mp l i f i e d . T h e y  r e a s o n e d  tha t g r a d i n g c u r ve s  wi t h  
d i f f e r e n t  s ha p e s  w o u l d  have d i f f e r e n t  e ffe c t ive 
d i ame t e r s , a n d  t ha t  t h e  e f f e c t ive s i ze  a l s o  va r i e d  wi th 
the t ra n s p o r t  r a t e . 
15 
A s  t.he she a r  o n  t h e- b e d  i n c r e a s e s  f r o m  z e r o  the · 
p a r t i c l e s  a p p r o a c h  a n  i n c i p i e n t  mo t i o n  c o n d i t i o n. 
A f t e r  pa.s s i n g  thi s p o i n t  a sma l l  p o r t i o n  o f  t he b e d  i s  
i n  mo t i o n . I t  i s  a s s umed  t he moti o n  o f  t h i s  p o r t i o n  o f  
t he b e d  c a n  b e  d e s c r i b e d  b y  the us e o f  a n  e ffe c t ive 
d i ame t e r  amo n g  tho s e  s i z e s  in mo t i o n . A s  s h e a r  i s  
i nc r e a s e d , l a r g e r  s e d iment  s i z e s  b e g i n  movi n g  whi c h 
i nc r e a s e s  t he t r an s p o r t  a n d  p r e s u ma b l y  th� e f f e c t ive 
d i ame t e r . Whe n  the  she a r  r e a che s i t s  max i mum  va l u e , ·i t  
i s  a s s u m e d  tha t the max i mum amo u n t  o f  s e d i me n t  s i z e s  
a r e  i n  mo t i o n , y i e l d i n g  t he hi g h e s t  s i z e effe c t ive 
d i ame t e r . 
The g r a d i n g  c u rve. a l s o  e f f e c t s · the e f  f e e  t i  ve o r  
s i g n i f i c a n t  d i a m e t e r . I n  a we l l  gr a d e d  s a m ple the l a r g e r  
p a r t i c l e s  t en d  t o  h i d e  t h e  sma lle r p a r t i c l e s . I f  t h i s  
p h e n o me n o n  o c cur s ,  t he s i g n i fi c a n t  d i ame t e r  a t  t h r e s h o l d  
c o n d i t i o n s  i s  t he l a r g e s t  s i z e . A s  t r a n s p o r t  s t a r t s , t h e  
l a r g e r  p a r t i c l e s  b e g i n  mo v e me n t  l e a v i n g  t h e  s mall e r  
p a r t i c l e s  un c o v e r e d . A t  t he s e  c o n d i t i o n s , t h e 
s i g ni fi c a n t  d i a me t e r  d e c r e a s e s  un t i l  r e a c h i n g  t h e  p o i n t  
whe r e  t he ma x i mum num b e r  o f  s i z e s  a r e  mo v i n g . I f  t he 
chan g i n g  e ffe c t i v e  d i ame t e r  a n d  t h e  g r a d i n g  c u rve i s  
n o t  t a k e n  i n t o  a c c o u n t  t h e s e  p h e n o me n o n  c ou l d  l i k e l y  
c aus e l a r g e  e r r o r s  i n  t r a n s p o r t ,  e s p e c i a l l y  a t  
t hr e s h old c o n d i t i o n s . 
Wh i t e a n d  D a y  g a t he r e d  d a t a  o n  t r a n s p o r t  o f  
g r a d e d  s e d i me n t s  fr om t h r e e  s o u r c e s  a n d  u s e d  d a t a  
g a t he r e d  fr o m  e x p e r i me n t s  d o n e  a t  t h e  H y d r a u l i c  
Re s e a r c h  St a t i o n . 
The  va l ue s  o f  D a n d  F we r e  c a l cul a t e d  fo r gr  gr  
e a c h  o f  t he . s i z e  fr ac t i o n s . Si n c e  the G c a l cu l a t i o n  g r  
a s sume d  a un i fo r m  s e d i me n t . c o v e r i n g  1 00 p e r c e n t  o f  t he 
b e d, t he G fo r ea ch fr a c t i o n  wa s a d ju s t e d t o  a new gr 
va l ue, G ' g r  ' wh i c h  r e p r e s e n t e d the i n d ivi d ua l  t r a n s p o r t  
o f  e a c h  fr a c t i o n  i f  i t  wa s c o n s i d e r e d  t o  c o v e r  t h e  e n t i r e  
b e d . T h e  G ' i s  g ive n b y  g r  
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G = G gr gr 
1 00 
p. 1 
whe re p. i s  the perc e n t a g e  o f  e a ch fra c t i o n . 1 
Us i n g  a pro c e s s  s i m i l ar to  the A ck e rs 
(2 6) 
a n d  Whi t e  
ori g i na l  t he ory, Whi t e  a n d  D ay pl o t t e d  Ggr' v a l u e s  a s  a 
f u n c t i o n  o f  F gr a n d  c a l c u l a t e d A', 
tra n sport v a l u e  f or e a ch fra c t i o n . 
t he thre sho ld 
R a t i o s  of A'/A were pl o t t e d  a g a i n s t D i/D 50 
ra t i os, where D. i s  the 1 d i ame t er repre s e n t i n g  the s i z e  
frac t i o n . A n e w  v a l ue,  D A, - wa s f o u n d  u s i n g  the graphs . · 
The graphs i n d i c a t e d  t ha t  f or e a ch gra d a t i o n  t he re i s  a 
c ert a i n  s i z e  where t he part i c l e m o v e s  a t  the s a m e  
c o n d i t i o n· a s  a u n i f o rm be d (A' = A) . Thi s  d i a m e t e r i s  
d e n o t e d  D A . 
i n.Fi g ure 1. 
The graph pre s e n t e d  by Whi t e  - D a y  i s  g i v e n  
R epl a c i n g the n50 s i z e  wi th the DA s i z e  a n d  
pl o t t i n g the A'/A v ers u s  D1/DA g a v e  a pl o t  wi t h  a s ma l l  
amou n t  o f  s c a t t e r .  The re l a t i o n ship be twe e n  the ra tios 
i s  g i v e n by 
D- � OA 
\ISJ.. 
t . 
A' D. -0 . 5  AI :::.- 1-1 
0 . 4  1 + 0 . 6  (27 )  = 
A D A 
A re l a t i o n ship be twe e n  DA/n50 a n d  n84;n16 wa s pl o t t ed 
and t he e q u a t i o n  
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A 1.6 (28) - -- = 
Dso D16 
wa s f itted to the data . 
Equ ati o n  28 c a n n ot be u sed f or gra d ati o n s  that 
appro a ch a u n i f orm be d .  A s  the n84;n16 rati o appro a ches 
1, the D A s i ze appro a c hes 1. 6 t i mes the n50 s i ze when 
e a ch s i ze i n  the bed, i n c l u d i n g  the D A, appro a c hes the 
n50 s i ze . Whi te a n d  D ay s u g g e sted f urther res e arch i nto 
thi s area . 
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MODI F I C A T I ON OF THE ACK E R S  - WH ITE  PROCEDUR E 
I n  thi s mo d i f i c a t i o n  o f  the A ck e r s Whi t e  
p r o c e d u r e ,  a d i f f e r e n t  a p p r o a ch wa s t a k e n  f r o m  tha t o f  
the Whi t e Da y s t u d y . The d a t a  f o r  t h i s  m e tho d wa s 
t a k e n  f r om  t he Wh i t e  - Da y s t u d y . 
us e d , H R S  S e r i e s  A a n d  HRS  S e r i e s  B. 
Two g r a d a t i o n s  we r e  
The S e r i e s  A d a t a  
we r e  u s e d  t o  g e ne r a t e  t h e  n e w  t h r e s ho l d  c u r v e  s i n c e  i t  
c o n t a i n e d  f r a c t i o n s  v a r y i n g f r o m  V F S  t o  MG . T h e  S e r i e s  A 
d a t a  i n c l u d e d  11 r u n s wi th va r y i n g  hy d r au l i c  p a r ame t e r s  
a t  a c o n s t a n t  t e mp e r a t u r e . The S e r i e s  B d a t a , a l o n g  wi th 
da t a  f r o m o the r s o u r c e s , we r e u s e d  to c h e ck the c u r v e . 
Us i n g  t he s i z e  d i s t r i b u t i o n  o f  the t r a n s p o r t e d  
ma t e r i a l , the t r a n s p o r t e d  p e r c e n t a g e  o f  e a c h  s i z e  
f r a c t i o n  wa s f o u n d . The s i e v e  s i z e s  u s e d  f o r  the 
gr a d a t i o n s  in the HRS d a t a  d i d  n o t  ma t ch t he s i z e s  u s e d  
a s  e n d  p o i n t s  o f  the d e f i ne d  s i z e  f r a c t i o n s . 
Lo g a r i thmi c  i n t e r p o l a t i o n  wa s u s e d. t o  b r e a k  the 
pe r c e n t a g e s  i n t o  the p r o p e r  f r a c t i o n s . The s ize 
d i s t r i b u t i o n s  of the b e d  ma t e r i a l  an d the p e r c e n t a g e s  
u s e d  f o r  e a ch o f  the fr ac t i o n s  a r e  l o c a t e d  i n  Ta b l e s  2 
and  3, A p p en d i x  B. 
The t r a n s p o r t e d  p e r c e n t a g e s  we r e  then mu l t i p l i ed  
by t h e  m e a n  s e d i me n t  c o n c ent r a t i o n i n  p pm f o r  e a ch o f  the 
tu ns . Thi s  g a�e the a s s u m e d  v a l u e s  of t h e  s e�i m e n t  
20 
c o n c e n t r a t i o n  f o r  e a c h  o f  the· s i z e  f r a c t i o n s . The s e  
v a l u e s  a r e  loc a t e d  i n  Ta b l e  5 ,  A p p e n d i x  B. 
The c o n c e n t r a t i on o f  e a c h  s i z e  f r a c t i o n  wa s t he n  
c h a n g�d t o  r e f l e c t  b e i n g  t r e a t e d  a s  an  e n t i r e  b e d  s am p l e . 
Th i s  e na b l e s  t he c o n c en t r a t i o n s  t o  b e  u s e d  a s  p a r ame t e r  
i n  t h e  o r i g i na l  e q ua t i o n . To a c c o m p l i s h t h i s , e a c h  
c o n c e n t r a t i o n wa s d i v i d e d  b y  i t s  c o r r  
o f  t he b e d  s amp l e . An  a p o s t r o p h e  d e s i g na t e s  e a c h  
p a r ame t e r  a s  b e i n g  c a l c u l a t e d  f r om t h e  a l t e r e d s i z� 
f r a c t i o n  c o n c e n t r a t i o n s . G g r  v a l u e s  we r e  c a l c u l a t e d  
f r o m t h e  a l t e r e d  s i z e  f r a c t i o n  c o n c e n t r a t i o n s . 
Us i n g  t he G gr  and  F g r  v a l u e s  t h e  a c t u a l 
t h r e s ho l d  v a l u e s  f o r  e a c h  f r a c t i o n we r e  f o u n d  a n d  d e n o t e d  
A ' . T h e  A ' v a l u e s  a r e  l o c a t e d  i ·n Ta b l e  6 ,  A p p e n d i x  B. 
The s e  A ' v a l ue s we r e  p l o t t e d  v e r s u s  D v a l u e s  a s  i n  t h e  g r  
o r i g i na l  A c k e r s  - Wh i t e  p r o c e d ur e .  The  f i n a l  g r a p h  i s  
s h o wn a s  F i g ur e 2. The o r i g i na l  A v a l ue d e r i v e d  i n  t h e  
A c k e r s  - Wh i t e  o r i g i nal  wo r k  i s  shown a s  a d a s h e d l i ne o n  
t he f i g ur e . The  A' v a l u e s  h a d  s o me s c a t t e r  a n d  n u me r o u s  
c u r v e s  we r e  d r awn t hr o u g h  t h e  d a t a . T h e  f i n a l  c u r v e  wa s 
d r awn to  b e s t  f i t the d a t a  wi t h  ext r a p o l a t i o n  a t  D g r  
va l u e s h i g h e r  t h a n  250 ( s i z e s  g r e a t e r  ·t h a n  .MG) . The 
c u r v e  i s  d e n o t e d  b y  t h e  s oli d l i ne  i n  Fig u r e  2. 
The A ' . v e r s u s  Dg r  c u r v e  f o r  t h e . HR S Se r i e s  A d a t a  
g a v e  h i g h e r  t h r e s ho l d  va l u e s  f o r  t h e  s ma l l e r  �i z e s  a n d  
21 
/.3 
' " ' 
D.T 
().� 
� �·' ::::> 






....... -- ...... 
2. 3 
........ _____ - ...... __ 
6 1 /() � 3D So 10 Mo 
DIMENSIONLESS GRAIN SIZE (Dgr) 
Figure 2 .  A' vs. D curve gr 
---- AC�EIS ·Will� 
- Mt>OIFIED 
200 .1/J() 5"60 141N:J 
l\) 
N 
l owe r t h� e s h o l d  va l u e s f o r  t he l a r g e r  s i z e s  w h e n  c o m pa r e d  
t o  t h e  o r i g i na l  Acke r s  Wh i t e  c u r v e  f o r  u n i f o rm 
s e d i me n t s . Th e s e  t r en d s  we r e  a l s o no t e d  i n  the Wh i t e  -
Da y wo r k . Th e h i g he r  t hr e s h o l d  va l u e s  f o r  t h e  s ma l l  
p a r t i c l e s  c a n  b e  e x p l a i n e d b y  t he h i d i n g  o f  t he s ma l l e r  
p a�t i c l e s  b y  t he l a r g e r  p a r t i c l e s . Th e l ow e r  t h r e s ho l d  
va l u e s f o r  t he l a r g e r  p a r t i c l e s  c o me  f r o m t he 
i n s ta b i l i t y  o f  t ho s e  p a r t i c l e s  a s  t he y  p r o t r u d e  f r o m  t he 
b e d  g i v i n g  a h i g h e r  amo u n t  o f  s u r f a c e  a r e a  e x p o s e d  t o  t h e  
f l ow . The s e  e f f e c t s  wo u l d  b e  r e d uc e d 
• 
A s s u m i n g  t ha t  a mo r e  o r  l e s s  wi d e l y  g r ad e d  
s e d i me n t  wo u l d  f o l l o w  s i mi l a r  t r e n d s , t h e  u n i f o r m 
g r a d a t i o n  c u r v e  f o r  t hr e s h o l d  v a l u e s  a n d  the mo d i f i e d 
c u r v e  f o r  t hr e s ho l d  va l u e s  we r e  u s e d  f o r  i n t e r p o l a t i o n  
a n d  e x t r a p o l a t i o n  p u r p o s e s . T h e  o r i g i n a l  Ac k e r s - Wh i t e  
va l u e  f o r  A .i s  b a s e d o n  a u n i f o r m  s e dime n t  a n d  i s  u s e d  
when t he � n84/D16 t e rm  equa l l ed  u n i t y . Th e s o l i d  l i ne  
o n  Fi g ur e 2 r e p r e s en t e d a �n84Jn16 v a l u e  o f  3. 28, the 
u n i f o r m i t y  c o n s t a n t  f o r  t h e HR S S e r i e s  A d a t a . Th r e s ho l d  
_ 23 
p a r ame t e r s  f o r  o t he r gr ada t i o n s  o f  s e d i men t we r e  f o u n d  b y  
l i n e a r  i n t e r p o l a t i o n  b e t we en the va l u e s  ·o f  A' · f r o m  the 
f i g ur e at a -Jn84Jn16 o f  3. 28 and  the un i f o r m  c u r v e  o f. 
Acke r s  a n d  Wh i t e a t  a �D84Jn16 o f  u n i t y. . I f · t h e  
u n i fo r m i ty c o n s t a n t  i s  g r e a t e r  tha n 3 . 2 8, the A ' v al�e i s  
calc ula t e d  b y  e x t r a p ola t i o n  fo r s i z e  fr a c t i o n s  wi th a Dg r  
le s s  tha n 56. F o r  the s e  s ame  g r a d a t i o n s, the mo d i fi e d  
thr e shold c u r v e  i s  u s e d  a s  a lowe r li m i t  fo r the A ' 
valu e s  whe n D g r  i s  g r e a t e r  
tha n 56 t o  a v o i d  e x t r e mely 
s mall A' valu e s fo r la r g e  s i z e s. 
Thi s  p r o c e d u r e als o r equi r e s  a r ev i s i o n  o f  the 
o r i g i nal A ck e r s  - Whi t e  p r o c e d u r e. S i n c e  �he valu e s  fo r 
m, n a n d  C a r e  c o n s t an t s  a t  D > 60 a s  d e r i v e d  i n  the g r  
o r i g i n al A ck e r s  Whi t e  equa t i o n, they g ive . p o o r  
t r an s p o r t  v aiu e s whe n the A ' v alu e i s  lowe r e d  b elow the 
0 . 17 value o r igi nally d e r ive d. Whe n  n = 0 , the ( U *IV) 
t e r m d r ops o u t  givi n g  
G g r  
= 
X y 
s g  d 
(29) 
The i n c r e a s i n g valu e s  of the d i a me t e r  (d) g ave la r g e  
valu e s  o f  c o n c e n t r a t i o n  ( X )  a t  a co n s t a n t  G g r  valu e. 
The s e  value s d i d  n o t  follo w the t r e n d  in the s ize 
fr act i o ns t r an s p o r t  fo r any r u n. Us i n g  a con s t a n t  y/d 
t e r m fo r D v alu e s g r e a t e r  tha n 6 0  g ave . fr a c t i o n g r  
t r a n s p o r t  d a t a  whi ch follows the t r a n s p o r t  t r e n d  i n  the 
ru n s  u s e d  and al s o  gave r e a s o n a ble valu e s  fo r e ach 
i n d ivi d ual s�z e  fract i o n  t r a n s p o r t. 
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COMPUTER PROG RAM 
The  c o m p u t e r  p r o g r am u s e d  for  t h i s  work i s  
i n c l u d e d  i n  A p p e n d i x  C .  B a s i c  l a n g u a g e  wa s u s e d  f o r  the 
pr o g r am . 
The  d a t a  n e e d e d  f o r  t h e  p r o g r am i n c l u d e s :  
(1) t h e  b e d  ma t e r i a l  g r a d a t i o n  o n  t he b a s i s  o f  
s i z e  f r a c t i o n s  
(2) a v e r a g e  d i s c h a r g e , s l o p e a n d  v e l o c i t y 
(3) d e p t h  c a l c u l a t e d  b y  u s i n g  t h e  t o t a l  a r e a  
o f  t he c r o s s  s e c t i o n  d i v i d e d  b y  t he t o p  
w i d t h  
( 4) s p e c i f i c  g r a v i t y  o f  t h e  s e d i me n t  
. ( 5) t em p e r a t u r e o f  t h e  wa t e r  
I f  t he c o nc e n t r a t i o n o f  a f r a c t i o n  i s  k n o wn, 
the A ' v a l u e c a n  be c a l c u l a t e d f o r  the f r a c t i o n  a n d  
c om p a r e d  w i th t h e  A ' v a l u e  f o u n d  f r om the  t h e o r y . 
The  o u t p u t  f o r  e a c h  r u n  c o n t a i n s  the 
c o nc e n t r a t i o n c a l c u l a t e d  f r om the o r i g i n a l  A ck e r s - Whi t e  
equa t i o n s ,  t h e  c o n c e n t r a t i o n  b a s e d  o n  the s u m  o f  the 
· f r ac t i o n s  us i n g  the o r i g i na l  Acke r s  - Wh i t e  p a r a me t e r s  
a n d  t he c o n c e n t r a t i o n  b a s e d  o n  the s um o f  the f r a c t i o n s  
u s i n g  t h e  new  me t ho d  p r o p o s e d  i n  thi s t hes i s .  
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RESULTS AND D I S C USS I ON 
I n· g e n e r a t i n g  t he new  A ' vs . D cu rve , g r  i t  wa s 
n o t e d  t h a t  a s ma ll va r i a t i o n  i n  p o s i t i o n  o f  t h e  cu rve a t  
f i ne s i z e s  ·g ave l a r g e  va r i a t i o n s  i n  t r an s p o r t .  Th i s  wa s 
ma i n ly d u e  t o  t he m e x p o n e n t , wh ich e q ua l s  11 w h e n  t he 
D i s  e q ua l  t o  1. gr  
The t a b l e s  in  A p p e n d i x  D a n d  the  g r a p h s  g ive the  
t r an s p o r t  i n  co ncen t r a t i o n s . The s e  co nce n t r a t i o n s  
d e s i g n a t e  t h e  s ed i men t f l u x  i n  p a r t s  p e r  milli o n  by 
we i g h t  of f l u i d  f l u x . To  ca lcula t e  t h e  t r a n s p o r t  in  
we i g h t  u n i t s. , each co nce n t r a tio n mus t b e  mult i p l i e d  by 
b o t h  t h e  d e n s i ty o f  t h e  f l ui d  and  t he d i sch a r g e  of the  
flu i d .  .T o  ca lcula t e  the  va l u e  i n  t o n s  p e r  d ay , t he 
e q ua t i o n 
G = .X s 
">{ Q 
--- �-- 43.2 
1 0  
(30) 
i s  u s e d . The 106 va l u e  i s  n e e d e d  i f  co nce n t r a t i o n s  a r e  
e x p r e s s e d  i n  p a r t s  p e r  mi l l i o n  ( p p m ) .  
F i g u r e 3 i s  a p l o t  o f  t he calcula t ed t o t a l  
co nce n t r a t i o n  va l u e s  a g a i ns t  t he act ual t o t al 
co ncen t r a t i o n  va l u e s  f o r  t he HRS Se r i e s  A d a t a . T h r e e  
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ACTUAL TOTAI CONCENTRATION (ppm) 
* * * Mod ified Procedure 
A A A Wh i te - D ay 
o o o Ackers - Wh i te 
Fi gure J. C alcu l ated vs Ac tu al Total Con cen tra t i ons, 
HRS S eries A 
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o r i g i na l· A ck e r s  Wh i t e  c o nc e n t r a t i o n , d e n o t e d  b y  a 
d i amond , t he Wh i t e  Day c o n c en t r a t i o n , d e n o t e d b y  a 
t r i a n g l e , a n d  t he mod i f i e d pr o c e d u r e  c o n c e n t r a t i o n  g ive n 
i n  t h i s  t he s i s , d e n o t e d  by a s t a r . The s o l i d  l i n e 
r epr e s en t s  t h e  t he o r e t i c a l  l i ne  o f  b e s t  f i t  ( i . e .  t h e 
a c t ua l  c o n c e n t r a t i o n  e q ua l s  t he c a l c u l a t e d  
c o n c e n t r a t i o n ) . The d a s h e d  l i n e s b o u n d  an a r e a i n  
wh i c h  a l l  va l u e s  a r e  wi t h i n  a f a c t o r  o f  2 f r om the  
t he o r e t i c a l  
e q ua t i o n s  
l i ne . 
g ive a 
The 
h i g h  
o r i g i na l  
va l u e  
A c k e r s  
f o r  
Wh i t e 
c a l c u l a t e d  
c o n c e n t r a t i o n  f o r  t he l owe r a c t u a l  c o n c e n t r a t i o n  
t o t a l s , b u t  appr o a c h  
c o n c e n t r a t i o n  t o t a l s . 
the t he o r e t i c a l  
T h e  Wh i t e  Day 
l i ne f o r  l a r g e  
me t h o d  a n d  t he 
mod i f i e d  pr o c e d u r e  appear 
c o n c en t r a t i o n  va l ue s , wi t h  
t o  give appr o x ima t e ly 
t he mo d i f i e d  me t h o d  
e q u a l  
l owe r 
than t h e  a c t u a l  by a fa c t o r  l ar g e r  t h a n  2 i n  l o w 
t r an spo r t  c a s e s . 
The t h r e s h o l d  c u rve o f  t h e  new  me t h o d  wa s 
pr o d u c e d  u s i n g  t h r e s h o l d  va l u e s  c a l c u l a t e d  f r o m  t h e  HRS  
S e rie s A t r a n s p o r t  data  o n ly .  The Wh i t e  - Day me t h o d  wa s 
de rive d fr om b o t h t he HRS S e r i e s  A a n d  B d a t a  wh i c h  
exp l a i n s  t he va l u e s c l o s e  t o  t h e  t he o r e ·t i c a l  . l i ne f o r  
t o ta l  c a l c u l a t e d c o n c en t ratio n s . T h e  hyd r au l i c  d a t a  a n d. 
g r a d a t i o n s  fo r. t he H R S  S e r i e s  A a n d  HRS S e r i e s  B r u n s  
�----------------------��-----�··--------------------
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ap pear �n Tab l e s  3 and 7 ,  A p p en� i x  B .  The  HRS  S e r i e s  A 
an d B c o n c e n t rat i o n  t o tal s u s e d  fo r t h e  g rap h s  ar e 
l o cat e d  i n  Tab l e  11 , A p p e n d i x  D .  
F i g u r e  4 g i v e s  the  r elat i o n s h i p  b e t w e e n  the  
cal c u lat e d  an d ac t ual t o tal c o n c e n t rat i o n s  f o r  t h e  HRS  
S e r i e s  B data u s i n g  the  same fo rmat as F i g u r e 3. Th i s  
g rap h e xh i b i t s  t h e  same t r e n d s  a s  F i g u r e  3. A l t h o u g h  the  
mod i f i e d  p r o c e d u r e  was not  d e r i v e d  f r om t h e  H R S  S e r i e s  B 
data , i t  g i v e s  g o o d  val u e s  f o r  to tal t ran s p o r t  
c o nc en t rat i o n s . A gai n , t h e  Wh i t e Day p r o c e d u r e  was 
d e r i v e d  u s i n g  b o t h  S e r i e s  -A an d B data , wh i c h  wo u l d  
e x p lai n ac c u rat e t o tal t ran s p o r t  value s .  
A g r o u p  o f  2 5  data s e t s  gat h e r e d f r om o t h e r  
t he s i s  w o r k  ( 2 )  was al s o  u s ed in  t e s t i n g  t he n e w  
p r o c e d ur e . T h e s e  r u n s  d i d  n o t  hav e ac t ual c o n c e n t r at i o n  
val u e s  avai lab l e , t he r e fo r e , a d i f f e r e n t  ap p r oac h was 
u s e d  i n  g rap h i n g . The c o n c e n t rat i o n  was cal c u l at e d  u s i n g  
t he Acke r s  - Wh i t e  p r oc e d u r e an d al s o  u s i n g  t h e  m o d i f i e d  
p r o c e d ur e .  The s e  2 5  r u n s  c o n tai ned  b e d  mat e rials 
c o n s i s t i n g  o n l y  o f  t he san d s i z e s . Th e mo d i f i e d  
p r o c e d u r e mat c h e d  t h e  o r i g i nal p r o c e dur e ve r y  c l o s ely 
w i t h al mo s t  al l val ue s wi t h i n  · a fac t o r - of 2. f r o m  the 
























































AC TUAL TOTAL CO NCENTRATION (ppm) 
* * * 
1::1 b. b. 
<> <> <> 
Mo d if i ed Pr o c edure 
Wh i te - D ay 
Acker s - Wh i te 
.Figure 4. C al cula ted vs Ac tu al Total Con cen tr a t i on s , 
HRS S er ies B 
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ar e g i v e n  i n  F i g ur e  S. The h y d rau l i c  data an d g r adat i o n s  
f o r  t h e  r u n s  ar e l o ca t e d  i n  Tab l e  8, A p p e n d i x  B .  T h e  
cal c u lat e d  c o n c e n t rat i o n s  ap p ear i n  Tab l e  12, A p p en d i x  D .  
A d d i t i o nal t ran s p o r t  data was o b tai n e d f r o m a 
h y d r au l i c s t u d y  o f  t he Eas t  F o rk Car s o n  R i v e r  i n  N e vada . 
Two s e c t i o n s  o f  t h e  r i v e r  we r e  s t u d i e d , o ne near the  
Val l e y  V i ew B r i d g e an d an o t h e r  near  the  H i g hway 88 
B r i d g_e .  T h e  t ran s p o r t e d  mat e r ial c o n tai n e d  a lar g e  
amo u n t  o f  mat e r ial i n  s u s p e n s i o n , mo s t  o f  wh i c h  was s i l t s  
an d c lay s , t h u s  t h e  Acke r s. Wh i t e  e q ua t i o n  an d t he . 
mod i f i e d p r o c e d u r e  c o u l d  n o t  b e  u s e d  f o r  t o ta l  l oad , as 
t h e y  g i v e  o n l y  b e d  mat e r ial t ran s p o r t . 
H o w e v e r ,  t he mod i f i e d  · p r o c e d u r e  was t e s t e d  
agai n s t  t he A c ke r s  - Wh i t e p r o c e d u r e  t o  cal c u l a t e t h e  b e d  
mat e r ial l oad o f  t h e  s t r eam . The g radat i o n s  o f  sam p l e s  
taken f r om t h e  b e d  b y  u s i n g  a s h o v e l  c o n tai n e d  a wi d e  
ran g e o f  s i z e  f r ac t i o n s  i n c l u d i n g  al l s i z e s  f r o m VFS t o  
SC . Two samp l e s  w e r e  u s e d f r o m eac h l o cat i o n , a s u r fa c e  
sam p l e  an d a 0-25 e m  d e p t h  samp l e . T h e  b e d  mat e r ial 
t ran s p o r t  c o n c e n t rat i o n  was ·cal c u lat e d  u s i n g  b o t h  
p r o c e d u r e s  an d b o t h  g r adat i o n s a t  eac h s e c t i o n  s t u d i e d . 
The s e  val u e s we r e  p l o t t e d  o n  F i g u r e s  6· an d 7 s i mi lar t o  
F i g u r e  5. T h e . m o d i f i e d  t o tal c o n c e n t rat i o n s  .ar e  c l o s e  t o  
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AC KERS - WHITE PRO CEDURE TO TAL C ON C EN TRAT IO N  (ppm) 
Figure 5. C alcu lated Transpo rt C on centration s ,  Mo d ified 








































































ACKERS - WHITE PRO CE DURE TO TAL CO NC ENTR ATIO N ( ppm ) 
Legend Cl Cl Cl 
+ + + 
Sur face Samp l e  
Depth Sample 
F i gure 6 . C alcu la ted Trans po rt C oncen tra t i o ns ,  Mo di fied 
vs A cker s - Whi te, Valley View Br idge D ata 
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ACKERS - WHITE PRO CEDURE T OTAL C O N CENTR ATION (ppm) 
Legend o o o Surfa ce S ample 
+ + + Depth Sample 
F igure 7. C alcu lated Tran sport C on c en tr at i o n s ,  Mo d ified 
vs Acker s - Whi te, H i ghway 88 Br i dge D ata 
b y  l e s s  t h a n  a f a c t o r  o f  2 .  O n e  d a t a  s e t  a t  t h e  H i g hwa y 
· a s  B r i d g e g a v e  h i g h  c o n c e n t r a t i o n s  u s i n g b o t h e q ua t i o n s . 
The  A c k e r s  - W h i t e  c o n c e n t r a t i o n  wa s v e r y  l o w f o r  t h e s e  
g r a d a t i o n s  a s  t h e  n 3 5  s i z e  w a s  l a r g e  d u e  t o  t h e  a mo u n t  o f  
c o a r s e  ma t e r i a l  i n  t he b e d  g r a d a t i o n . A n  i n t e r e s t i n g  
o b s e r v a t i o n  c a n  b e  m a d e  f r o m  t he g r a p h s  c o n c e r n i n g  t h e  
s a m p l i n g . T h e  V a l l e y  V i e w  B r i d g e  d a t a  o n  F i g u r e  6 g a v e  
b e t t e r  r e s u l t s  wh e n  u s i n g  t h e  s u r f a c e  s a m p l e  a n d  t h e 
H i g hwa y 88 B r i d g e  d a t a  o n  F i g u r e  7 g a v e  b e t t e r  r e s u l t s  
us i n g  t h e  d e p t h  s a m p l e . T h e  s u r f a c e  s a mp l e  s h o u l d  g i v e  
b e t t e r  r e s u l t s  a s  i t  w o u l d  m o s t  l i k e l y  b e  t h e  mo s t  
e f f e c t e d  · b y  t h e  s t r e am f l ow c ha r a c t e r i s t i c s . T h e  
hy d r au l i c  d a t a a n d  g r a d a t i o n s  f o r  t h e  C a r s o n  C r e e k  s t u d y  
a r e  i n c l u d e d  i n  T a b l e s  9 a n d  1 0 , A p p e n d i x  B .  T h e  
c o n c e n t r a t i o n  t o t a l s  u s e d  f o r  t h e  g r a p h s  a r e  l o c a t e d i n  
T a b l e s  1 3  a n d · 14 , A p p e n d i x  D .  
T h e  s i z e  f r a c t i o n c o n c e n t r a t i o n s  w e r e  · c a l c u l a t e d  
f o r  t h e  H R S  d a t a  u s i n g  b o t h  t h e  m o d i f i e d m e t h o d  a n d  t h e 
Wh i t e - D a y  m e t h o d . T h e s e  va l u e s , a l o n g  w i t h  t h e a c t u a l  
s i z e f r a c t i o n s  c o n c e n t r a t i o n s  a r e  l i s t e d  i n  T a b l e s 1 5  a n d  
1 6 , A p p e n d i x  D .  T h e  c a l c u l a t e d va l u e s  w e r e  p l o t t e d 
a g a i n  s t t h e  a c t  u a 1 v a 1 u e s i n  g r a p hs  s i m i 1 a r t o  F i· g u r e T .  · 
F i g u r e  8 s h o w s  t h e r e l a t i o n s h i p b e t w e e n  t h e  m o d i f i e d  
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val ue s an d t he ac t ua l  whe r e  F i g u r e  9 d o e s  t he same  f o r  
t he Whi t e  - Day val u e s . 
C o m par i n g  t h e  t wo f i g ur e s , t he Wh i t e  - Day data , 
Fi g ur e  9, has mo r e  p o i n t s  l o ca t e d  o u t s i d e  t h e  " fac t o r  o f  
2" b o u n dar y . S o me o f  t h e s e  p o i n t s  g i v e  v e r y  h i g h  
t ran s p o r t  val u e s  f o r t he i n d i v i d ual s i z e  f rac t i o n s . The 
Wh i t e  - Day me t h o d  d i d  not  g i v e  ad e q ua t e  c o n c e n t rat 'i o n  
val ue s f o r  t he g rav e l  s i z e  f rac t io n s , o f t en g i v i n g n o ne . 
The Wh i t e  Day f r ac t i o na l  c o n c en t rat i o n s  s u m m e d  t o  a 
p r o p e r  val u e  
p r o p e r l y  t o  
o f  t o tal c o n c e n t rat i o n  b u t  d i d  n o t mat c h  
t h e  i n d i v i d ual ac t ual s i z e  f rac t i o n  
c o n c en t rat i o n s . 
T h e s e  e f f e c t s  ar e h i g h l y  i n  e v i d e n c e  i n  F i g u r e s  
1 0  an d 11 . T h e  c o n c e n t rat i o n  cal c u lat e d  u s i n g  t he Wh i t e  
- Day an d mo d i f i ed p r o c e d u r e s  we r e  p l o t t e d o n  t h e  bas i s  
o f  s i z e  f r ac t i o n s . F i g u r e s  10 an d 11 u s e  data f r o m HRS  
S e r i e s  A ,  R u n s  9 an d 10, r e s p e c t i v e l y .  T h e  ac t ual 
c o n c e n t ra t i o n s  f o r  the i n d i v i d ual f r ac t i o n s , d e n o t e d  b y  
s q uar e s , ar e i n c l u d e d  t o  s h o w  t h e  t r e n d s  i n  t h e  data . 
The s e  g r ap h s  d e mo n s t rat e t he mi s r e p r e s en tat i o n  o f  
frac t i o na l  c o n c e n t ra t i o ns u s i n g  t he Wh i t e  - Day me t ho d , 
al t h o u g h  t h e  t o tal o f  t h e f rac t i o n s  was _ r e p r e s e n tat i v e  o f  
the  t o tal c o n c en t rat i o n  o f  b e d  mat e r ial . Th e Wh i t e - Day 
me t h o d y i e l d s  v e r y  h i gh c o n c e n t rat i o n value s f o r  t h e  
3 6  
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AC TUAL C O NCE NTRATIO N (ppm ) 
* * * Mod i f ied Pro c edure 
. F igure 8 .  Ind iv i du al S i z e  Frac ti on C on cen tr a t i on s, 
Mo d ifi ed vs A c tu a l , HRS S er ies A 
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A. A. A. Whi t e· - D ay 
In d i vi du al S i z e  F r ac t i on C on c en tr at i o n s, 


















Legen d  
VFS FS MS c s  VCS VFG FG MG 
SIZE FR ACTIONS 
. '" .. 
A l!s l!s 
0 0 0 
Mo d if i ed Pro c e dure 
Wh i t e - Day 
Ac tu al 
F igu r e  1 0 .  C on c en trat ion by S i z e  Frac t i o n , Run 9 ,  
HR S S er i e s  A 
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z 
0 C) 
2 5  
L e g end 
VFS FS MS cs VCS VFG F G  MG 
SIZE FRAC TIO NS 
• If• • 
6 A 6 
0 0 0 
Mo d i f i e d  Pro c edu r e 
Wh i te - D ay 
Ac tual 
.F igur e 1 1 . C o n c en tr a t i on by S i z e  Frac t i on , Run 1 0 ,  
HRS S er i e s A 
4 0  
me d i u m  t h r o u g h  v e r y  c oar s e  san d f r ac t i o n s  an d n o  
t ran s p o r t  o f  t he f i ne an d med i um g r av e l s  as s e e n  f r o m  
Fi g u r e  10 . T h e  mo d i f i e d me t h o d  s e e m s  t o  mat c h  t h e  
f rac t i o na l  c o n c e n t rat i o n s  fai r l y  we l l  a s  i t  f o l l ow s  t h e  
t r e n d s  o f  t h e ac t ua l  t ran s p o r t  data . O f  t he 11 r u n s  i n  
t he _ H R S  S e r i e s  A d a ta ,  al l hav e  s o me t r an s p o r t  o f  t h e  
f i ne an d / o r  m e d i u m  s i z e  g rav e l . The Wh i t e  - D a y  m e t h o d  
shows t hat t he t ran s p o r t  o f  f i n e  g rav e l  i s  p o s s i b l e · i n  
o n l y  2 r u n s , an d m e d i u m  g rav e l  i n  n o ne wh e r ea s  t he 
mod i f i e d  p r o c e d u r e  y i e l d s  t �an s p o r t  i n  b o t h  f i ne an d 
me d i um g rav e l  i n  4 r u n s  an d · f i n e g rav e l  i n  7 o f  t h e  r u n s . 
Fi g ur e 11 r e f l e c t s  t he same t r e n d s  d i s c u s s e d  i n  F i g ur e  
10 . The f r ac t i o na l  t ran s p o r t  u s i n g  t he Wh i t e  - Day an d 
mod i f i e d  p r o c e d u r e s  wi t h
. 
t h e S e r i e s  B data g i v e s  
ap p r o x i mat e l y  t h e  same d e v i at i o n  f r o m t h e ac t ual 
t ran s p o r t  val ue s .  
f r om bo t h  S e r i e s  
T h e  Wh i t e  - Day p r o c e d u r e  was d e r i v e d  
A an d B data wh i c h  c o u l d  b ia s  t h e  
co mpar i s o n  o f  r e s u l t s . 
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CONCLUS I ON S  A N D  RE COMMENDATIONS 
T h e  p u r p o s e  o f  t h i s  t he s i s  is  to  p r e s e n t  a 
mo d i f i cat i o n  o f  t h e  A c k e r s - Wh i t e  e q uat i o n s  wh i c h  can b e  
u s e d  f o r  g rad e d  a s  we l l  a s  u n i f o rm s e d i me n t  g radat i o n s . 
The m o d i f i cat i o n  s h o u l d  g i v e  c o r r e c t  t ran s p o r t  o f  
i n d i v i d ua l  f rac t i o n s  an d a t o tal c o m parab l e  t o  t he t o tal 
t ran s p o r t  g i v e n  b y  t he o r i g i na l  e q uat i o n . The  
mod i f i ca t i o n  p r e s e n t e d in  t h i s  t he s i s  f u l f i l l s  t h e s e  
o b j e c t i ve s . 
T h e  m o d i f i ed p r o c e d u r e  t o tal mat c h e s t he o r i g i nal 
Acke r s  - Wh i t e  t o tal f o r  b ot h  fai r l y  u n i f o r m  ( F i g u r e  5 ) 
an d we l l  g rad e d  s e d i me n t s  ( F i g u r e s  6 an d 7 ) . A l t h o u g h  
the m o d i f i e d p r o c e d u r e  t o tal d o es n o t  mat c h  t he A c k e r s  -
Wh i t e t o ta l  f o r  t h e  H y d rau l i c  R e s ear c h  S t at i o n  ( HR S ) data 
( Fi g u r e s  3 and 4 ) , t he mod i f i e d  t o tal s ar e fa i r l y c l o s e  
t o  t he ac t ual t o tal s an d t he ac t ual c o n c e n t rat i o n s  
cal cu lat e d · f o r  t h e  f rac t i o n s fai r l y  c l o s e l y  mat c h  t h o s e  
g i v en b y  t h e mo d i f i e d  p r o c e d u r e  ( F i g u r e  8 ) . 
A l t ho u g h  b o t h  the  Wh i t e  - Day an d t h e  m o d i f i e d  
pro c e d u r e  g i v e  c o r r e c t  t o tal s f o r t h e  HRS data , t h e Wh i t e  
- Day p r o c e d u r e  g i v e s  a h i g h  c o n c e n t rat i o n  f o r  t h e  m i d d l e  
s i z e f rac t i o n s  an d n o  c o nc e n t rat i o n  o r  tran s p o r t  f o r  the  
l ar ge r  s i z e  f ra� t i o n s . The m o d i f i e d  p r o c e d u r e . y i e l d s  
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s i z e  f r ac t i o n  t ran s p o r t  · that mat c h e s t he t r e n d s  g i v e n  b y  
t h e  ac t ua l  d a t a  mo r e  c l o s e l y  t han t he Wh i t e  - Day dat a . 
( F i g u r e s  10 an d 11 ) . 
A d d i t i o nal s tud i e s  ar e n e e d e d  wi t h  lar g e r  
mat e r ial s t o  e s tab l i s h  p r o p e r  parame t e r s  f o r  s i z e  
f r ac t i o n s  w i t h  a D g r  val ue lar g e r  t han 6 0 .  T h e  us e o f  
t�e c o n s tan t y / d a t  D value s g r eat e r  t han 6 0 ,  an d t he g r  
e x t ra p o lat i o n  o f  t he A ' c u r v e  a t  lar g e r  s i z e s  r e mai n  a s  
u n t e s t e d  e s t i ma t e s ,  as  mo s t  f l ume  s t u d i e s  an d 
e x p e r i m e n t s  can n o t  u s e  lar g e  ·· mat e r ial . 
s t u d i e s  o f  t h i s  
Po s s i b l e  fut u r e  
i n c  ud e a l a r g e  
� 
amo u n t  o f  data f r o m  d i f f e r e n t  s o u r c e s  al o n g  wi t h  al l 
data f r o m  t h e  Wh i t e  - Day s tud y . · R e f i n e m e n t s  o f  t h e  A ' 
cur v e  c o u l d  b e  mad e us i n g  a b e s t  f i t  ap p r oac h t o  t h e  
n e w  data . 
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c 
D X 
D g r  
d 
E 
F g r  
G g r  
G ' g r  
G s 
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L I S T  OF  S YM B O L S  
t h r e s ho l d  v a l ue f o r  t r a n s p o r t  
( v a l u e  o f  F a t  i n i t i a l  mo t i o n )  g r  
t h r e s h o l d  v a l ue f o r  a p a r t i c u l a r  s i z e  
f r a c t i o n  
c o e f f i c i e n t  b a s e d  o n  s e d i m e n t s i z e  
d i a m e t e r  ( f t ) - a t wh i c h  s e d im e n t  a c t s  a s  a 
u n i f o r m  ma t e r i a l  
d i ame t e r  ( f t )  f o r  wh i c h  t he s u b s c r i p t  x 
i n d i c a t e s  t h e  p e r c e n t  f i n e r  
d i m e n s i o n l e s s  g r a i n  s_i z e  
d i ame t e r  o f  s e d i me n t  p a r t i c l e  
e f f i c i e n c y  o f  s e d im e n t t r a n s p o r t  p r o c e s s  
d i m e n s i o n l e s s  s e d i men t m o b i l i t y n um b e r 
d i m e n s i o n l e s s  s e d i men t t r a n s p o r t  r a t e  
d i me n s i o n l e s s  s e d i men t t r a n s p o r t  r a t e  
f o r  a n  i n d i v i d u a l  f r a c t i o n  
s e d i m e n t l o ad ( t o n s / d a y ) 
a c c e l e r a t i o n  d u e  t o  g r a v i t y  ( f t / s 2 ) 
l i ne a r  m e a s u r e o f  g r a i n  r o u g hne s s  
e x p o n e n t  i n  t r a n s p o r t  e q u a t i o n  b a s e d  o n  
s e d i m e n t  s i z e  
e x p o n e n t  b a s e d  o n  s e d ime n t  s i z e 
v o i d  o r  p a c k i n g  f a c t o r  
p e r c e n ta g e  o f  ma t e r ia l  i n  b e d  
R e y n o l d s  n u m b e r  
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s 
s g  
v 
y 
s l o p e  
s p e c i f i c  g r a v i t y  o f  s e d i me n t 
a v e r a g e  v e l o c i t y  ( f t / s )  
s h e a r  v el o c i t y  ( f t / s )  
s e d i m e n t  c o n c e n t r a t i o n , ma s s  f l u x  p e r  
u n i t ma s s  f l ow r a t e  
a v e r a g e  d e p t h ( f t ) 
c o e f f i c i e n t  r e p l a c i n g  c o n s t a n t  a n d  k i n  
r o u g h  t u r b u l e n t  e q u a t i o n  ( 2 )  s 
k i ne ma t i c  v i s c o s i t y  o f  f l u i d  ( f t 2 / s )  
ma s s  d e n s i t y  o f  f l u i d  ( s l u g s / f t 3 ) 
s h e a r · s t r e s s  ( l b / f t 2 ) 
- 1  t a n  c o e f f i c i e n t  o f  f r i c t i o n  
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APPEND I X  B 
Da t a  S e t s  
S i e v e  S i z e  
( i n  m m ) 
< 0 . 1 2 5 
0 . 1 2 5 
0 . 1 8 0 
0 . 2 5 0  
0 . 3 5 5  
0 . 4 2 5  
0 . 5 0 0 
0 . 6 0 0  
0 .  7 1  0 · 
0 . 8 5 0  
1 . 0 0 0  
1 . 4 0 0  
1 . 7 00 
2 . 3 6 0  
3 . 3 5 0  
4 . 7 6 0  
6 . 3 5 0 
7 . 8 5 0  
9 . 5 2 0 
TABLE 2 
B e d  Ma t e r i a l  S i z e  Di s t r i b u t i o n  
H R S  S e r i e s  A a n d  B 
S e r i e s  A 
( % ) 
1 . 7 1  
1 . 3 0 
4 . 1 6  
1 1 . 0 0 
5 . 6 8 
5 ; 7 5 
4 . 3 1  
2 . 6 9 
2 . 5 6 
2 . 2 1 
4 . 9 8 
3 . 1 0  
. 6 .  9 6  
1 0 . 1 0  
9 . 8 8 
1 0 . 7 5  
6 . 8 7 
3 . 3 5 
2 . 6 3 
S e r i e s  B 
( % ) 
2 . 1 2 
2 . 1 3  
4 . 7 0 
1 1 . 7 7 
5 . 0 3 
4 . 2 7  
2 . 7 7 
2 . 3 3 
3 . 0 7 
3 . 0 7 
6 . 9 7 
4 . 9 0 
1 6 . 9 3 
1 3 . 4 7 
1 5 . 0 0 
1 . 4 7  
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TABLE 3 
B e d  M a t e r i a l  S i z e  D i s t r i b u t i o n  b y  S i z e  F r a c t i o n s  
H R S  S e r i e s  A a n d  B 




c s  
v c s  
VFG 
F G  
M G  
S i z e  R a n g e  
( m i l l i m e t e r s )  
< 0 . 1 2 5 
0 . 1 2 5 - 0 . 2 5 
0 . 2 5 o . 5 -
0 . 5 0 1 .  0 
1 . 0 ...:. 2 . 0  
2 . 0  4 . 0  
4 . 0  8 . 0  
8 . 0  - 1 6 . 0  
S e r i e s  A 
( % ) 
1 . 7 1 
5 . 4 6 
2 2 . 4 4 
1 1 . 7 7 
1 1 . 5 3 
1 8 . 6 0 
2 2 . 8 4 
5 . 6 5 
S e r i e s  B 
( % ) 
2 . 1 2  
6 . 8 3 
2 1 . 0 7 
1 1 . 2 4 
2 0 . 2 6 
2 9 . 5 8 
8 . 9 0 
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RUN : 










S i z e  D i s t r i b u t i o n  o f  T r a n s p o r t e d  Ma t e r i a l  
b y  S i z e F r a c t i o n s , H R S  S e r i e s  A 
1 
0 . 1 2  
6 . 1 6  
5 9 . 5 6  
2 4 . 9 7 
6 . 3 5 
2 . 5 5 
0 . 3 9 
( a l l  v a l u e s  a r e  p e r c e n t a g e s ) 
2 
0 . 1 2  
8 . 4 6 
6 0 . 5 1  
2 0 . 8 2 
5 . 6 6 
3 . 4 3 
0 . 7 3 
3 
0 . 0 8 
9 . 8 9 
5 2 . 4 0 
1 9 . 6 4 
8 . 3 1 -
8 . 1 5 
1 . 5 4 
4 
0 . 1 8  
5 . 1 5  
4 8 . 3 4 
2 8 . 04 
1 2 . 00 
5 . 5 6 
0 . 8 3 
5 
0 . 1 4  
8 . 2 0 
4 7 . 6 8 
2 0 . 0 1 
1 0 . 4 5 
1 1 . 2 5 
2 . 7 2 
6 
0 . 1 2  
7 . 9 9 
4 5 . 3 9 
1 8 . 0 3 
1 0 . 1 0 
1 2 . 3 6 
5 . 9 3 
0 . 1 1  
- - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
RUN : 




c s  





0 . 1 2  
7 . 1 6 
3 4 . 3 7 
1 6 . 8 4 
1 2 . 2 3 
1 7 . 1 4  
1 2 . 0 0 
0 . 3 8 
8 
0 . 1 2  
5 . 4 3 
3 0 . 1 7  
1 8 . 3 4 
1 4 . 6 1  
1 9 . 7 4 
1 1 . 2 3 
0 . 2 3 
9 
0 . 0 6 
4 . 7 7 
2 6 . 3 3  
1 6 . 4 3 
1 4 . 6 4 
1 9 . 5 3 
1 7 . 1 2  
1 . 2 4 
1 0  
0 . 0 7 
3 . 6 9 
2 0 . 2 0  
1 4 . 1 2  
1 6 . 3 8 
2 4 . 0 6 
20 . 2 9 
1 . 2 2 
1 1  
0 . 0 6 
3 . 8 4 
2 0 . 9 1 
1 2 . 2 5 
1 4 . 1 3  
2 2 . 4 3 
2 4 . 2 6 
2 . 1 3 
TABLE 5 
S e d i m e n t  T r a n s p o r t  C o n c e n t r a t i o n s o f  S i z e  F r a c t i o n s , 
H R S  S e r i e s  A 
RUN : 










0 . 0 1 7 1  
0 . 8 8 
8 . 5 0 
3 . 5 6 
0 . 9 1 
0 . 3 6 
0 . 0 5 6  
( a l l v a l u e s  a r e  p pm ) 
0 . 0 2 3 2  
1 . 64 
1 1 . 7 1 
4 . 0 3 
1 . 1 0 
0 . 6 6 
0 . 1 4  
3 
0 . 0 1 4 2 
1 . 7 6 
9 . 3 2 
3 . 4 9 
1 . 4 8 
1 . 4 5  
0 . 2 7 
4 
0 . 0 1 6  
0 . 4 6 
4 . 2 9 
2 . 4 9 
1 . 0 7 
0 . 4 9 
0 . 0 7 4  
5 
0 . 0 3 4 5  
2 . 0 2 
1 1 . 7 7 
4 . 9 4 
2 . 5 8 
·2 . 7 8  
0 . 6 7 
6 
0 . 0 3 6  
2 . 4 0 
1 3 . 6 2 
5 . 4 1 
3 . 0 3 
3 . 7 1 
1 . 7 8 
0 . 0 3 3  
- - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
RUN : 










0 . 1 2 
6 . 9 9 
3 3 . 5 3 
1 6 . 4 3 
1 1 . 9 3 
1 6 . 7 2 
1 1 . 7 1 
0 . 3 7 
8 
0 . 1 0  
4 . 5 2  
2 5 . 1 2  
1 5 . 2 7 
1 2 . 1 7  
1 6 . 44 
9 . 3 5 
0 . 1 9  
9 ' 
0 . 0 9 3 9  
7 . 4 7 
4 1 . 2 1 
2 5 . 7 2 
2 2 . 9 2 
3 0 . 5 7 
2 6 . 8 0 
1 . 9 4 
1 0  
0 . 3 1  
1 6 . 0 9 
8 8 . 0 8  
6 1 . 5 7 
7 1 . 4 3 
1 0 4 . 9 2 
8 8 . 4 8  
5 . 3 2 
1 1  
0 . 5 0 
3 2 . 0 6 
1 7 4 . 5 7 
1 0 2 . 2 7 
1 1 7 . 9 6 
1 8 7 . 2 6  
20 2 . 5 3 
1 7 . 7 8 
5 0 
TABLE 6 
A ' V a l u e s  f o r  S e r i e s  A Da t a  
RUN VFS FS MS cs vcs VFG FG MG 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - � � � � - - - - - - - - - - - - - - - - � - - - - - - - -
1 0 . 504 1 0 . 3 3 7 4  0 . 2 6 2 1  0 . 2 2 08 0 . 1 8 3 3  0 . 1 44 7  0 . 1 1 6 1  
2 0 . 5 1 7 8 0 . 3 3 2 5  0 . 2 6 5 9  0 . 2 30 3  0 . 1 9 2 2  0 . 1 5 1 9 0 . 1 2 2 5  
3 . 0 . 5 3 3 1  0 . 3 3 9 9  0 . 2 8 7 6  0 � 2 4 9 4  0 . 2 0 7 2  0 . 1 6 6 7  0 . 1 3 6 1  
4 0 . 5 0 0 2  0 . 3 5 2 7  0 . 2 7 5 8 0 . 2 2 1 6  0 . 1 7 7 7  0 . 1 4 00 0 . 1 4 0 0  
5 0 . 5 2 8 3  0 . 3 4 3 3  0 . 2 8 2 6  0 . 2 4 1 4  0 . 1 9 88  0 . 1 5 8 2  0 . 1 3 08  
6 0 . 5 6 5 5  0 . 3 6 7 8  0 . 3 0 6 8  0 . 2 6 6 4  0 . 2 2 1 1 0 . 1 7 7 6  0 . 1 4 6 8  0 . 1 2 1 1  
7 0 . 6 1 7 5 0 . 3 7 7 8 0 . 3 1 2 9 0 . 2 6 8 1  0 . 2 2 4 3  0 . 1 7 9 5  0 . 1 5 4 7  0 . 1 3 2 5  
8 0 . 6 0 3 7  0 . 3 803  0 . 3803  0 . 2 5 4 1  0 . 2 08 9  0 . 1 6 6 4  0 . 1 4 4 8  0 . 1 2 3 5  
9 0 . 7 2 7 0 0 . 4 1 94 0 . 3 3 04 0 . 2 6 7 3  0 . 2 1 5 9 0 . 1 7 08  0 . 1 5 0 0  0 . 1 3 1 5  
1 0  0 . 7 04 6  0 . 4065  0 4! 3 1 6 4 0 . 2 5 1 7 0 . 1 9 7 4  0 . 1 5 6 6  0 . 1 5 0 2  0 . 1 4 3 0  




1 0 . 1 9 9 
2 0 . 1 9 9 
3 0 . 1 9 9 
4 0 . 1 9 7 
5 0 . 1 9 6 
6 0 . 1 9 7 
7 0 . 1 9 7 
8 0 . 1 9 7 
9 0 . 1 9 6 
1 0  0 . 1 9 8 
1 1  0 . 1 9 3 
1 0 . 2 0 3 
2 0 . 2 1 0  
3 0 . 2 0 2  
4 0 . 2 0 2  
5 0 . 2 0 0 
6 0 . 2 0 2  
7 0 . 2 04 
8 0 . 2 0 0  
9 0 . 2 0 1  
TABLE 7 
M e a n  H y d r au l i c  Da t a  S umma r y  
H R S  S e r i e s  A a n d  B 
H R S  S e r i e s  A 
y 
( m )  
0 . 1 6 6 
0 . 1 5 9  
0 . 1 4 5 
0 . 1 6 9 
0 . 1 4 7  
0 . 1 3 3 
0 . 1 2 3 
0 . 1 3 1  
0 . 1 2 1  
0 . 1 1 2 
0 . 1 0 7 
H R S  
0 . 1 8 9 
0 . 1 8 4 
0 . 1 6 2 
0 . 1 5 4 
0 . 1 4 5 
0 . 1 1 9  
0 . 1 2 4 
0 . 1 1 7 
0 . 1 1 5 
s 
0 . 0 0 0 6 8  
0 . 0 0 0 7 7  
0 . 0 0 0 7 9  
0 . 0 0 0 6 6  
0 . 0 0 0 8 9  
0 . 00 1 0 9 
0 . 0 0 1 7 0 
0 . 00 1 5 3 
0 . 0 0 2 4 9 
0 . 00 2 8 9  
0 . 0 0 3 6 6  
S e r i e s  B 
0 . 0 00 4 4 5  
0 . 0 0 0 4 4 6  
0 . 0 00 7 2 2  
0 . 0 0 1 6 1 6  
0 . 0 0 1 7 6 9  
0 . 00 2 2 6 2  
0 . 0 0 2 1 8 8 
0 . 00 2 6 1 4  
0 . 0 0 2 9 8 7  
5 2  
V E L  
( m / s )  
0 . 4 9 2  1 2  
0 . 5 1 6  1 2  
0 . 5 6 5  1 2  
0 . 4 7 9  1 2  
0 . 5 4 7  1 2  
0 . 6 0 8  1 2  
0 . 6 6 0  1 2  
0 . 6 2 1  1 2  
0 . 6 6 6  1 2  
0 . 7 3 1  1 2  . 
0 . 7 4 5  1 2  
0 .  4 4 1 • 1 2  
0 . 4 6 9  1 2  
0 . 5 1 6  1 2 . 5  
0 . 5 3 9  1 2  
0 . 5 6 7  1 2  
0 . 6 9 7  1 2  
0 . 6 7 7  1 2  
0 . 7 0 0  1 3  
0 . 7 2 2  1 2  
5 3  
54 
T A BLE 8 ( c o n t i n u e d ) 
· RUN  Q y s VEL TEMP S I Z E  P I  
( c f s ) ( f t )  ( f t / s )  ( F )  ( % ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
7 1 7 9 0  5 . 8 2 1 / 8 4 8 0  2 . 3 3 7 4  V FS 1 
F S  1 2  
MS 6 5  
c s  2 2  
8 6 9 9 0 1 1 . 00 1 / 8 8 5 0  2 . 8 0 8 5  V F S  1 
F S  7 
MS  8 7  
c s  5 
9 1 9 6 0  6 . 6 3 1 / 1 0 9 9 0  2 . 2 9 8 4  V F S  1 
FS  1 2  
MS  6 5  
c s  2 2  
1 0  9 2 3 0  1 2 . 6 3 1 / 1 1 5 00 2 . 8 1 7 9  V F S  1 
FS  1 
MS  9 0  
c s  · 8 
1 1  1 9 00 6 . 2 9 1 / 1 0000 2 . 3 4 8 6  V F S  9 3  
F S  5 
M S  1 
c s  1 
1 2  9 6 7 0 1 2 . 9 4 1 / 1 1 3 00 2 . 9 2 8 6  V F S  1 
, V S  1 
MS  9 0  
c s  8 
1 3  9 0 1 6 . 0 8 1 / 1 1 3 00 2 . 1 0 8 2 . 4  V F S  1 
V S  0 
MS 7 6  
c s  2 3  
1 4  9 8 6 0  1 2 . 2 2  1 / 4 5 7 0  3 . 0 1 6 3  V F S  1 
F S  4 
MS  88  
c s  7 
( c o n t i n ue d ) 
5 5  
T A BL E  8 ( c o n t i n u e d )  
RUN Q y s VEL TEMP S I ZE  P I  
( c f s ) ( f t )  ( f t / s )  ( F )  ( % ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 5  1 4 1 0 0 1 0 . 8 0 1 / 6 30 0  4 . 2 4 7 2  V F S  1 
F S  1 0  
MS 6 4  
c s  2 5  
1 6  6 2 00 9 . 05 1 / 7 6 00 3 . 3 1 7 2  V F S  4 
FS  7 
MS 4 7  
c s  40 
v c s  2 
1 7  3 8 7 0  6 . 9 9 1 / 7 600 2 . 7 4 7 2  V F S  1 
FS  3 
MS  43  
c s  so  
v c s  3 
1 8  5 6 40 9 . 2 2 1 / 3 5 8 0  3 . 1 7  7 7  V F S  1 
F S  4 
MS  34  
c s  5 9  
v c s  2 
1 9  1 3 800  1 1 . 2 2 1 / 5000  3 . 9 3 6 4  V F S  3 7  
FS  2 0  
M S  3 2  
c s  1 l  
2 0  5 3 00 8 . 9 5 1 / 6 7 00 3 . 0 2 6 7  V F S  1 
F S  3 
MS 2 8  
c s  6 5  
v.c s  3 
2 1  5 6 1 0  9 . 9 2 1 / 3000 3 . 0 9 6 8  V F S  0 
F S  1 
MS  2 5  
c s  6 1  
· V C S  1 3  . 
( c o n t i n u e d )  
5 6 
T ABLE 8 ( c o n t i n ue d ) 
. RUN Q y s V E L  TEMP S I Z E  P I · 
( c f s ) ( f t )  ( f t / s )  ( F )  ( % ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
2 2  5 3 6 0  9 . 1 0 1 / 5 5 1 0  3 . 1 0 7 5  VFS  1 
. 
F S  2 
MS 2 4  
c s  6 4  
V C S  9 
2 3  5 2 90 8 . 9 8 1 / 5 5 00 3 . 1 0 6 7  V F S  1 
FS  . 2 
MS  1 6  
cs  7 3  
V C S  8 
2 4  5 5 40 9 . 1 1  1 / 5 000 3 . 1 5  7 2  VFS  1 
FS  4 
MS 3 4  
cs  5 9  
V C S  2 
2 5  1 2 400  7 . 2 0 1 / 8040 4 . 8 4 6 4  VFS  1 
FS  3 ' 
MS 5 5  
cs  3 7  
vcs  4 
S I Z E  
TABLE 9 
M e a n  H y d r a u l i c  D a t a  f o r  Ea s t  F o r k  C a r s o n  R i v e r  
H i g hw a y  8 8  B r i d g e  
B E D  MATER I AL G RADAT I ON 
SURFACE 
( % ) 
TYPE O F  S AMP L E  
D EPTH 
( % ) 
5 7 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - -
VFS 0 . 6 0 . 5  
F S  0 . 8  0 . 8  
MS 2 . 9  3 . 7  
c s  7 . 4  9 . 7  
VCS 8 : 4  7 . 8  
VFG 6 . 7 6 . 0  
F G  8 . 4  9 . 1 
MG 1 6 . 0  1 6 . 5 
C G  2 8 . 9  1 3 . 0  
VCG 1 9 . 9  3 2 . 9  
HYDRAUL I C  DATA 
DATE Q y s VEL TEMP 
( c f s ) ( f t ) ( f t / s )  ( oC )  
5 / 0 9 / 7 8  6 3 8  / ) J , / � 1 . 7 9 0 . 0 03 3 2  3- . 1 5 1 2 . 0 -;- ? , f:. o 
5 / 1 8 / 7 8  8 3 9  ' ) 0• 2. 1 . 8 1  0 . 00 3 3 2  4 . 2 4 9 . 5  U... ? ,  I o 
5 / 2 2 / 7 8  1 5 0 0  J -z ? . 2 S  2 . 2 8 0 . 0 0 3 3 2  5 . 3 8 8 .  5 l.f 7, ) 
5 / 2 2 / 7 8  1 1 5 5  / 2 Z- . 6 7  2 . 2 8 0 . 00 3 3 2  4 . 1 5  8 . 5  ) 6 / 0 6 / 7 8  1 3 0 0  Z lf. O u 2 . 3 6 0 . 0 0 3 3 2  4 . 4 4 8 . 5 6 / 0 6 / 7 8  1 3 5 0  ?_ II- 0 2 . 3 6 0 . 00 3 3 2  4 . 6 1 8 . 5  6 / 0 8 / 7 8  1 3 5 0  � J , qt 2 . 4 6 0 . 0 0 3 3 2  . 4 .  4 6  8 . 5  
6 / 1 2 / 7 8  1 1  o o , , 7 .  ?v 2 • 3 2 0 . 00 3 3 2  4 . 0 2 8 . 0  <f ( y 




c s  
VCS  
VFG  
F G  
M G  
C G  
VCG 
s c  
TABLE 1 0  
Mean H y d r a u l i c  Da t a  f o r  E a s t  Fo r k  Ca r s o n  R i v e r  
Va l l e y  V i e w  B r i d g e  
B E D  MAT E R I AL GRADAT I ON 
S URFACE 
( % ) 
3 . 0  
3 . 3  
5 . 1 
4 . 2 
3�. 5 
4 . 1 
6 . 8  
1 5 . 8  
3 0 . 6  
8 . 8  
1 4 . 8 
HYDRA UL I C  DATA 
TYPE O F  S AMPLE 
DATE  Q y s VEL 
( c f s ) ( f t )  ( f t / s )  
D EPTH 
( % ) 
0 . 9  
1 . 6  
4 . 1 
7 . 3  
8 . 1 
6 . 8  
1 0 . 9 
1 4 . 8  
3 1 . 5  
1 4 . 0  
T EMP 
( o C )  
5 8 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
5 / 04 / 7 8  6 3 6  °>. �v. 1 . 4 0 0 . 0 0 5 8 9  4 . 7 4 8 . 0  lf t , y 
5 / 1 1 / 7 8  1 1 5  0 1.?\f I lf 2 . 1 4 0 . 00 5 8 9  5 . 1 6  7 . 5 Y-), ;; 
5 / 2 2 / 7 8  1 5 0 0  .J C  . .  I 2 . 2 8 0 . 0 0 5 8 9  6 . 2 0 7 .  0 'i- 'f-. { 
5 / 2 2 / 7 8  1 3 7 0  ; -- 0 J 2 . 3 4 0 . 0 0 5 8 9  5 . 4 7 1 1 . 5 > z . 7 
6 / 0 9 / 7 8  1 7 3 0  J � f 2 .  8 3  0 . 0 0 5 8 9  5 . 5 6 1 1 . 5  �z . 7 
APPEND I X  C 
C o mp u t e r  P r o g r am 
5 0  I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * *  
60 I T H E S I S  C O M P U T E R  P R O GRAM 
7 0  D I M  D S I Z E < 1 2 >  , X C O N C 1 2 )  , X A U C D N < 1 2 >  , P L O T < 2 , 3 5 )  
7 5  D I M  A C 1 5 , 1 2 >  , A P C . < 1 5 , 1 2 >  , S I Z E < 2 , 1 2 >  , X C 1 5 , 1 2 )  
80 D I M  X P E R  ( 1 5  , 1 2  > , X AU ( 1 5  , 1 2 )  , X AU P E F: ( 1 5 , 1 2 )  
9 0  D I M  A P G  ( 1 5 ,  1 2 )  , A C T < 1 5 ., 1 2 )  X O F: I G  < 1 2 )  X AC T O T ( 1 2 )  
1 00 D E F  F N L G C X > = L O G < X > I L OG C 1 0 }  
1 1 0 SG = 2 . 6 5 
1 2 0 F O R  V AL U E  = 1 T O  2 0  
1 3 0 R E A D  P L O T C 1 , V A L U E > P L O T C 2 , V A L U E ) 
1 4 0 NE X T  �,.J AL U E  
1 50 D A T A  1 . 0 , 1 . 1 9 ., 1 . 8 , . 6 8 , 2 . 0 , . 6 2 , 2 . 4 , . 5 2� ., 2 . 7 , . 48 
1 5 1  D A T A  3 . 0 , . 4 4 7 , 3 . 3 , . 4 2 , 3 . 6 , . 4 0 
1 5 1  D A T A  4 . 0 , . 3 7 7 , 4 . 4 , . 36 , 4 . 7 , . 3 5 , 5 . 2 , . 3 3 
1 60 D A T A  1 1 0 ., . 1 4 ., 1 2 0 , . 1 3 7 , 1 30 ., . 1 3 3 , 1 55 , . 1 3 0 ., 2 0 0 , . 1 2 7 
1 6 1  D A T A  3 0 0 ., . 1 2 2 , 50 0 , . 1 2 0 , 1 0 00 0 , . 1 2 0 
1 7 0 G O T D  2 2 0  
1 8 0 F O R  V =  · 1 T O  2 0  
1 9 0 P R I NT P L O T < 1 ., V ) , P L O T C 2 , V > 
200 NE X T  V 
2 1 0  C L S  
220 P R INT : I NP U T  " D o y a Lt v-J a n t  m a n u a l c on t r- o l  1 1 ; 1··1 A N :t. 
2 3 0  F O R  BED G R D  = 1 T O  6 
240 I F MAN $  = II y I I  G O T O  2 7 0  
2 4 5  ' Th e  n e x t su b r o u t i n e · c a l l s  a u t o m a t i c  e x e c u t i o n 
250 G O S U B  1 82 0 
26 0  I F  M AN $  < > 1 1 Y 1 1  G O T O  2 8 0  
2 7 0  P F: I N T : I N P U T  " M e t r i c  or US c u s t o m a r y ( m / Lt )  I ! ; S I ::i:: 
2 8 0  I F  S I $ = ." Lt "  T H E N  G = 3 2 . 2 : V S $ = " s q u a r e f e e t  / s e c on d � � 
W T  = 6 2. . 4 : AN $  = " t on s / d a y .. : C O N V EF� = 4 3 . 2  : 
S I U $ = " f ee t " : S I U2 $  = " f ee t  1 1 
2 9 0 . I F  S I-$= 1 1 1n 1 1  THEN �G·= 9 . 8 l OOo'1 : - �.) 5- $ = " . s qu a r e , m e t <·::· r s / �::. e c CJ n d " 
: W T  = 1 0 0 0  : A N $  = 11 k g s / s e c " : C O N V E F: = 1 
S I U $ = " m i l l i me t er s "  : S I U 2 $  = " m e t e r s "  
300 I F  1"1 A N $  < > " y "  G O T O  320 
3 1 0  I N P U T  1 1 A l l  d a t a  ( 0 )  o r  r e s u l t s  o n l y  ( 1 )  " ; F' L  
3 2 0  I T h i s  c a l l s  a s u b r o u t i n e t o  r- e ad i n  b e d  d a t a  
3 2 1 ' a n d  c a l c Lt l a t e  D " X "  s i z e  
3 3 0  G O S U B  2 4 0 0  
3 4 0  I 
3 5 0  ' T h e  f a l l ow i n g  s ec t i o n i s  n e e d e d  i f  t h e r e  i s  m o r e  
3 5 1 · t h a n  1 g r a d a t i o n 
3 6 0  , 
370 F O R  Z = 1 TO 1 2  
3 8 0  X CO N < Z >  = 0 : X A U C O N < Z >  = 0 
3 9 0  FOR . Z Z  = 1 TO 1 5  
4 0 0  A < Z Z , Z ) = 0 : A P C C Z Z , Z > = 0 )( ( Z Z , Z ) 
X PE R C Z Z , Z > = 0 : X A U < Z Z , Z > = 0 X A U F' E F: ( Z Z , Z )  
: AP G < Z Z , Z > = 0 
4 1 0  N E X T Z Z  
J._.i 
8 50 M = 9 . 6 6 / DG R + 1 � 3 4 
8 6 0  C = 1 0 A ( 2 . 8 6 * F N L G ( D G R > - F N L G < DG R > A 2 - 3 . 53 )  
8 70 I F  P L  = 1 GO T O  9 0 0  
8 80 PR I N T " N = 1 1 ; N ; " 
88 5 P F: I N T 
8 9 0  F: E M  
A = " ; A ; 1 1 
9 00 C O N 1 = S Q R ( 3 2 > *FNLG C 1 0 * Y / D S I Z E < T > ) 
9 1 0  C O N 2 = C US T AR / VEL ) A N 
9 2 0  R E M  
M = I I  ; , .... , ; I I  
6f 
9 3 0  F G R = U S T A R A N / SQR ( G * D S I Z E < T ) * ( S G- l ) ) * ( V E L / C O N l > A < l -N )  
9 3 3  I 
9 3 4  I T h e  n e � t s ec t i on c a l c u l a t e s A '  w h e n  
9 3 5  · t r an s p o r t  o f  f r ac t i on s i s  g i ven 
9 3 6  I 
9 4 0  F: E A D  C O N C E N  
950 A C T < T R I AL , T >  = CONCEN 
960 GGRPRM = ( (  C O N C E N  * Y * C D N2 ) /  
< S G * D S I Z E < T >  * 1 0 A 6  ) ) / ( S I Z E < 2 , T ) / 1 0 0 ) 
9 7 0  A P R I M E = F G R  I ( C GG R P R �  I C ) A ( l / M )  + 1 · ) 
980 A P C < T R I AL , T ) = A P R I M E 
990 I F  PL = 1 G O T O  1 0 30 
1 00 0  P R I N T 1 1  T h e  a c t Lt a l  c on c e n t r a t i o n i s  1 1 ; C O I\I C E i\1 
1 00 5  P R I N T 
1 0 1 0  PF.: I N T P R I N T 1 1 T h e A .. \l a l  ue i s  1 1 ; 1-4 P R i r'I E  
1 0 1 5  P F: I N T 
1 02 0  ' Th i s  s ub r o u t i n e c a l c u l a t e s t h e  n ew A '  
1 02 5 I v a l oe � or t h e f r a t t i o n 
1 03 0  G O S U B  2 7 5 0  
1 04 0  A P G C T R I AL , T > = AP 
1 05 0  I F P L  = 1 G O T O  1 0 7 0  
1 060 P F: I N T . 
1 1  T h e n e \I'J A \lc<. l Lt e i s  1 1 ; A P  P F: I N T 
1 070 A C T R I AL , T > = APR I ME - AP 
1 0 80 I F  FGR > A GDTO 1 1 1 0 
1 0 90 I F  PL < > 1 THEN P R I NT 1 1 T II e F g r  i s  I I ; F GF: ; " 
i s  l o wer t h a n t h e  
! 0 95 P R I N T 
1 1 00 O R G I N L = 1 : S E D L O D  
1 1 1 0 R E M  
= 0 
1 1 20 I F  O R G I NL = 1 G O T O  1 1 4 0  
1 1 30 G G R =C * C F GR / A - 1 ) A M 
t h r e s h o l d A v a l u e  
: • FLOAD = 0 
(;oJ h i c: h  
1 1 40 I F  FGR > A P  GOTO 1 1 70 
1 1 50 I F  P L  < >  1 T H E N  P R I N T 
i s  l o wer t h a n  t h e  n ew 
1 1 55 P R I N T 
1 1 Th e F g r i s  1 1 ; F G F� ;· "  �·J h i c h  
t h r e s h o l d A v a l u e  " ; A F' 
1 1 60 N E i.tJ L O D  == 
1 1  70 GG F�A U -
1 1 80 F: E I'-1 
0 : N F L O A D  = 0 ORG I N 2 == � : G O T O  1 1 8 0  .1. 
C *  ( F GF: / A P - 1 )  ····· M 
1 1 9 0  I F  F' L  = 1 
G O T O  1 2 2 0  
:i. 2 00 PF: I N T n . 
1 2 1 0  P F: I N T I I  
1 2 2 0  R E t�1 
O R  O R G I N L = ., O F: .L 
Ll *  == I I ;  U S T A R  : F F: I N T 
F G F: = I I ; FGF� ;  I I  
O F: G I N 2 ::: 1 i H El\J 
G G R  = ! I ; G G F: : F F: I i\i T 
4 2 0  NE X T  Z 
430 I F  M A N $  < > " y ' ' G O T O  4 5 0  
4 4 0  P R I N T : I NP U T  " Ha w  m a n y t r i a l s  ar e n e e d e d  1 1 ; F: U 
4 4 1 P R I NT 
4 5 0  F O R  T R I AL = 1 TO R U  
4 6 0  N E W T O T  = 0 : S I Z T O T  = 0 
60 
4 7 0  · The f a l l ow i n g  t h r ee l i n es c h a n g e  t h e  s c r e en c o l o r  
4 8 0  C O L  = C O L  + 1 
4 9 0  I F  C O L  = 1 5  THEN C O L  = 1 
5 0 0  C O L O R  C O L , O , COL+ l 
5 1 0  R E A D  Q , Y , S L O P E � V E L , T E M P  
5 2 0  , 
5 3 0  · Th i s  p r og r a m a s s u m e s  t emp er a t u r e  
5 3 1 I i n  d eg r e e s  c e l c i u s 
5 4 0  ' T h i s  s u b r ou t i n e  c a l c u l a t e s  t h e  v i s c o s i t y  
5 5 0  , 
2 2 9 0  : PR I NT 
= 1 G O T O  5 9 0  
" T h e  v i s c o s i t y  
6 3 0  
i �  I I  ; v I  sc ; �.,J S $  P R I N T 
5 6 0  · G O S U B  
5 7 0  I F  P L  
5 8 0  P R I NT 
5 9 0  R E M  
600 I F  P L  
6 1 0  P R I N T 
= 1 G O T O  
: PR I N T I I  D E P T H  S L O P E  V E L O C I TY 
620 P R I N T U S I NG I I  
# # # # # . ## #  
6 2 1 P R I N T : PR I N T 
D I S C H A R G E  SG I I  
# # . #  # . # # # # #  # # . # #  
# . ## " ; Y , SL O P E , V E L , Q , SG 
6 3 0  I T h i s  s u b r o u t i n e � a l c u l a t e s t h e  t r a n s p o r t  
6 3 1 ' f r om t h e  0 3 5  s i z e  
6 4 0  G O S U B  1 8 9 0  
6 5 0  X O F� I G  < T R I A L >  = X 3 5 * 1 0 ····· 6  
6 6 0  , 
6 7 0  I T h e  � a l l o w i n g  l oo p  c a l c u l a t es t r a n s p o r t  
6 7 5  ' d a t a  f o r t h e f r a c t i on s 
6 8 0  , 
6 9 0  F O R  T = 1 TO 1 2  
700 I F  S I Z E < 2 , T ) = 0 G O T O  1 4 7 0  
7 1 0  O R G I NL = 0 : O R G I N 2 = 0 
7 2 0  C L S  
7 3 0  I F  P L  = 1 G O T O  7 6 0  
7 4 0  P R I N T  : P R I N T " * * * * * *** * * * * * * * * * * * * * *  T h i s  i s.  t h <2  
d a t a f or f r a c t i o n " ; T ; " **** * * * * * * * * * * * * * * * * " : P F: I i\I T 
7 5 0  P R I N T " T h e  D " ; DP I ; " s i z e  of f r a c t i or·, " ; T ; " i s  ! I  
; D S I Z E ( T > ; "  " ; S I U 2 $ : P R I N T 
7 60 DGR= DS I Z E < T > * < G * < S G - 1 ) / V I S CA 2 ) A ( 1 /3 ) 
7 7 0  I F  P L  = 1 G O T O  7 9 0  
7 8 0  P R I N T " T h e  d i m en s i on l e s s  g r a i n s i z e  i s  " ; D G F: · : F F.: Ii-..I T 
790 U S TA R = S Q R < G * Y * S L O P E > 
8 00 F: E M. 
8 1 0  I F  D G R > 6 0  T H E N  N= O : A= . 1 7 : M= 1 . 5 : C = . 0 2 5 : G O T O  8 7 0  
820 I F  D G R < l T H E N  D G R = l ! 
8 30 N = 1 ! - . 5 6 * FNLG < DGR > 
8 4 0  A = . 2 3 / ( 0G R A . 5 ) + . 1 4  
1 2 30 I F  O R G I N L = 1 THEN G O T O  1 2 9 0  
1 2 4 0  X = GGR * S G * D S I Z E ( T ) / ( Y *CON2 ) 
1 250 X ( T R I A L , T ) = X * 1 0A 6  
1 2 60 X P ER < T R I AL , T )  = < X * S I Z E < 2 , T > * 1 0 A 6 ) / 1 00 
1 270 S E D L O D = X * W T * C O N V E R * Q  
1 28 0  F L O A D  = S I Z E < 2 , T > * S E D L OD / 1 00 
1 29 0  I F  O R G I N 2 = 1 T H E N  G O T O  1 3 80 
1 3 00 D S Z = D S I Z E < T >  
1 3 1 0  I F  D G R  < =  6 0  T H E N  G O T O  1 33 0  
1 3 2 0  D S Z  = 6 0 / ( ( G * ( S G- 1 ) / V I SC A 2 ) A ( 1 / 3 ) ) 
1 330 X A U = G G R A U * S G * D S Z / ( Y * C D N 2 ) 
1 340 X A U C T R I AL , T ) = X AU * 1 0 A 6  
1 350 X AU P E R C T R I AL , T > = < X AU* S I Z E < 2 , T > * 1 0A 6 ) / 1 0 0 
1 3 60 N E W L O D = X A U * W T *CDNVE R * Q  
1 370 N F L O A D  = S I Z E C 2 , T > *NEWLOD / 1 0 0  
1 3 80 I F  P L  = 1 G O T O  1 4 30 
1 39 0  P R I N T " T h e  o r i g i n a l c a l c u l a t ed l o a d  f o r t h e  
f r a c t i o n  i s  1 1 ;  S E D L O D ; 1 1 1 1 ; AN $ : P F: I t•J T 
1 400 P R I NT " T h e  n e """ c a l  c Ll l  � t e d  1 o a d  f o r t h e  
f r a c t i o n  i s  ' ' ; NE(.lJ L O D ; 1 1 1 1 ; AN $  : F' F: I I'.I 'T : P F: I N T 
1 4 1 0  P R I N T ' ' T h e  or i g i n a � f r a c t i o n  a c t Lt a l  1 o a d  i s  ! I ; 
FLOA D ; 1 1 1 1 ; AN $  : P R I N T 
1 4 2() P R I N T 1 1 T h e  n e�" f r a c t i o n  a c t u a l  l o a d  i s  1 1 ; N F L O A D � 
II . I I ; AN $ : PR I NT : PR I N T 
1 4 30 S I Z T O T  = � I Z T O T  + FLOAD 
1 4 4 0  NE W T O T  = NEWTOT + NFLOAD 
1 4 5 0  GO T O  1 4 7 0  
1 4 6 0  I NP U T  I I  
1 4 70 NE X T  T 
1 4 80 I F  P L  = 1 G O T O  1 5 1 0  
I I  � GO $  
1 4 9 0  PR I N T . : P R I NT 1 1 T h e  or i g i n a l  t o t a l  l o a d  s u m m e d  
62 
a c r o s s  f r a c t i o n s i s  1 1 ; S I Z T O T ; " 1 1 ; A i..,� :f. 
1 5 00 P F: I N T : P R I N T 1 1 T h e n e w t o t a l  l o ad s u m m e d  a c r o s s  
f r ac t i o n s i s  1 1 ; NEl.aJ T O T ; ' '  ' ' ; 
1 5 1 0  B E E P  
1 52 0  GOTO 1 5 4 0  
1 5 30 I N P U T  I I  
1 5 4 0  NE X T  TF: I AL 
1 550 I F  M A N $  < >  · ' 1 y "  G O T O  1 57 0  
1 5 60 B E E P  : I NP U T I I  
1 570 F O R  P 1  = 1 TO RU 
A N  
I I  , GO $  
I I  
... GCJ 
1 580 P R I N T : P R I N T I I  T h i s  i s  t h e  d at a · 
f or r un 1 1 ; P 1  : P R I N T 
1 59 0  P R I N T I I  O R I G I NA L  NEW E Q U A T I O N 
A C T UA L  A P R  I M E  . A CALC D I FF 1 1 : P F: I N T  
1 600 X P T O T  = · o : X AU T O T  = 0 : A C T O T  = . 0 
1 6 1 0  F O R  P 2  = 1 TO 1 2  
1 62 0  F' F: .I N T  u s I NG I I # # # # # # # . ## ###### . # # #.# 
# # # # � # # ## # . #### # . #### 
# # # # . ff # :f:J:;l:j: 
# .  # # # fi: ' ' ;  
X P E F:  < P l  , F' 2 ) , X AU < P l  , P 2 ) , X AU P E R  ( F' i  , P 2 ) , 
A C T < P 1 , P2 )  , A P C < P 1 , P 2 > , AP G < P l , P 2 > , A < P 1 , P 2 >  
1 6 30 X P T O T  = X P T O T + X P EF: < P 1 , P 2 )  
1 6 40 X A U T O T  = X A U T O T  + X AUPER C P 1 , P 2 )  
1 6 5 0  A C T O T  = A C T O T  + A C T < P 1 , P 2 >  
1 6 60 N E X T  P 2  
X CO N C P 1 ) = X P T O T  
X AU C O N C P l ) = X A U T O T  
X AC T O T C P 1 > = A C T O T  
1 6 7 0  
1 6 8 0  
1 6 9 0  
1 7 00 
1 70 5  
1 7 1 0  
1 7 2 0  
1 73 0  
1 74 0  
1 750 
P R I N T P R I NT I I Or- i g i n a l  A c k er- s - l.&Jh i t e  I I ; X O R I G  u=· t )  
P F: I N T 
PF� I NT 1 1  Or i g i n a l  u s i n g f r- a c t i on s  " ;  X P T O T  : P R I NT 
P R I N T 11 U s i n g  n e w met h o d 11 ; X A U T O T  : PF� I NT 
PF� I N T  11 Ac t u a l  t o t a l  • • ; ACTOT : P R I N T 
NE X T  P i . 
P R I NT : P F� I N T I I  
FF:AC T I D N S  N E l.aJ 
R U N  
A C T U A L  
O F: I G I NAL 
I I  : P R I N T 
1 76 0  
1 77 0  
F O R  P 3  = 1 TO R U  
P�! I N T  u s I N G I I  ## #### . # # # #  
# # # # # # #  • # #  # # # #  • #### #### • # # # #  I I  ; 
P 3 , X D R I G C P 3 > , X C O N ( P 3 > , X AUCON ( P 3 )  , X A CTOT C P 3 )  
NE X T  P 3  
P F! I N T : P R I N T 
N E X T  BEDGRD 
END 
1 7 8 0  
1 79 0  
1 8 0 0  
1 8 1 0  
1 8 1 1 ' *********************************** *********** 
1 8 1 2  ' 
1 8 1 3  ' 
1 8 1 4  ' 
1 8 1 5  ' 
E n d  of p r o g r a m Su b r ou t i n e s  f o l l o w 
1 8 1 6  ' ****** ******************** ************************ 
1 8 1 7  
' S u b r- o u t i n e f o r a u t o m a t i c  c o n t r o l  
1 8 1 8  ' ****************************************** * * * ***·� *  
1 82 0  
1 83 0  
1 84 0  
1 850 
1 8 6 0  
1 87 0  
1 8 8 0  
I F  B ED G R D  
I F  B E D G R D  
I F  BEDGRD 
I F  B E D G R D  
I F  BEDGRD 
I F  B E D G R D  







1 THEN S I $  = 
2 T HE N  S I $ = 
3 THEN S I $  = 
4 THEN S I $  = 
C" THEN S I $  = ..J 
6 THEN S I $  = 
1 1 Ll 1 1 P L  = 1 �� u · - 5 
" u "  P L  = 1 R U  = c=-,..J 
.. u • •  F' L = 1 R LJ = 8 
t i Ll I I  P L  = � F� U - 8 .1. 
1 1 m " F' L = 1 F�U · - 1 1 
" in "  P L  = 1 F�U - 9 
1 88 1  ' ****************************** ********* ********* 
1 88 2  ' S u b r- o u t i n e t o  c a l c u l at e 0 1 6 , 0 3 5 � 0 8 4 , 
1 88 3  ' a n d A c k e r s -Wh i t e t r a n s p o r t  
1 8 8 4  ' *********************•�****** *************** ***** 
1 89 0  FOR S Z  = 1 TO 3 
1 9 0 0  I F  SZ = 1 THEN P I  = 1 6  
1 9 1 0 I F  S Z  = 2 T H E N  P I  - 35 
1 9 2 0  I F  SZ = 3 THEN P I  = 84 
1 9 30 H I P I  = 0 
1 9 4 0  FOR AW = 1 TO 1 2  
1 95 0  I F  S I Z E < 2 , A W >  = 0 THEN N E X T  A W  E L S E  G O f O  ' 1 9 6 0  
1 9 6 0  F O R  A W 2  = AW TO 1 2  
1 9 7 0  LOP I = H I P I  
1 9 8 0  H I P I  = S I Z E ( 2 , AW 2 > + H I P I  
1 9 9 0  I F  H I P I  > = P I  GOTO 2 0 1 0  
2 0 0 0  N E X T  A W 2  
2 0 1 0  I F  H I P I  = P I T H E N  D I  = S I Z E < 1 , A W 2 ) / S Q R ( 2 )  
2 0 2 0  H I S I Z E = S I Z E < 1 � A W 2 > * S Q R ( 2 )  
2 0 3 0  L O S I Z E = S I Z E < 1 , A W 2 ) / SQ R ( 2 )  
2 0 4 0  D I = E X P < - < < L O G < H I S I Z E > -LOG < LO S I Z E > > * 
< H I P I -P I ) / ( H I P I -L O P I > -LOG < H I S I Z E > > >  
2 0 5 0  I F  S I $  = " m "  T H E N  D I  ;::; D I / 3 . 2 8 0 8  
2 0 6 0  I F  P I  = 1 6  T H E N  0 1 6  = D I  
2070 I F  P I  = 3 5  T H E N  0 3 5  = D I  
2 0 8 0  I F  P I  = 84 T H E N  0 8 4  = D I  
2 0 9 0  N E X T  S Z  
2 1 00 D S Q R  = S Q R ( 0 84 / D 1 6 )  
2 1 1 0  I F  P L  = 1 O R  T R I A L > 1 G O T O  2 1 30 
2 1 2 0 P R I N T : P R I NT " Th e D S Q R  t e r- m  i s  " ; D S Q F� 
2 1 30 D G R = D 3 5 * < G * C S G - 1 ) / V I S CA 2 ) A ( 1 / 3 )  
2 1 4 0 I F  D GR > 6 0  T H E N  N = O : A = . 1 7 : M = 1 . 5 : C = . 0 2 5 : GO T O  2 2 0 0  
2 1 50 I F  D G R < 1 T H E N  D G R = 1 ! 
2 1 6 0 N = 1 ! - . 5 6 * FNLG ( D GR > 
2 1 7 0 
2 1 8 0 
2 1 90 
2 2 0 0  
22 1 0  
A = . 2 3 / C D G R A . 5 ) + . 1 4  
t1 = 9  .• 6 6 / D G F� + l . 3 4  
C = 1 0 A ( 2 . 86 * F N L G < D G R > - F N L G ( D GR > A 2 - 3 . 5 3 )  
U S T A R = S QR C G * Y *S L O P E > 
C O N 1 = S Q R C 32 > *F N L G C 1 0 * Y / D35 > 
2 2 2 0  F G F:=US T A R·····N / S Q R  ( G*D 3 5* ( S G- 1 ) > * < •vE L / C O N  1 > ····. ( 1 -1'-.IJ 
2 2 3 0  I F  F G R  < A T HE N  X 35 = 0 : G O T O  2 2 7 0  
2 2 4 0  G G R = C * C F G R / A - 1 ) A M 
2 2 5 0  C O N 2 = C U STA R / V E L ) A N 
2260 X 3 5 = GG R * S G *D 3 5 / ( Y *C O N 2 ) 
2 2 7 0  F: E T U R N  
2 2 8 0  ' * * * * ** * * * * * * ****************** * * * * * * * * * * * * * * * * * *  
2 2 9 0  
· S u b r- o u t i n e t o  c a l c u l a t e  v i s c o s i t y  
2 2 9 1 ' * * * *** * * * ** * * * * * * ********* ******* * * * * * * ** * * * ** ** 
2 300 T F = T E I'-1P 
2 3 1 0  T C = T F  
2 3 2 0  G O T O  2 3 4 0  
2 33 0  T C = C TF - 3 2 ) * 5 / 9  
2 3 4 0  X T = T C - 2 0  
2 3 5 0  I F  T C < 2 0  T H E N  V I S C = 1 Q A ( 1 3 0 1 / ( 9 9 8 . 3 3 3 + 8 . 1 8 5 5 * X T + 
. 00 5 8 5 * X T A2 ) - 3 . 3 0 2 3 3 ) : G O T O  2 3 7 0  
2 3 6 0  T0= 2 0 - TC : V I S C = . 0 1 0 0 2 * < 1 0A ( ( 1 . 3 2 7 2 *T 0 - . 00 1 0 5 3 * T O A 2 ) 
/ \ T C + 1 0 5 ) ) )  
2 3 70 V I S C = V I SC / 1 0 000 
2 3 8 0  I F  S I $ = • • Lt • • T H E N  •v i S C = V I SC * 1 0 .  7639 
2390 F: E T U R N  
2 3 9 1 ' * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * * * * * * * * *  
2 3 9 2  · S u b r o 8 t i n e t o  r e ad i n  t h e  b ed d a t a  
2394 · a n d t o  c a l c u l a t e  D 1 1 X 1 1 
2 3 9 5  ' * * * * * * * ** * * * * * * * ******** * * * * * * * * * * * * * * * * * * * * * *  
2 400 T O T A L ·  = · 0 
24 1 0  I F  M A N $ . < > n y • • T H E I\.1 G O T O  2 5 1 0  
2 4 2 0  I t·.J P U T  1 1 D o yeLl w i s h  t o  i- n p u t  d a t a  ( y / n ) 1 1 ; D $  
2 4 3 0  I F  D $  < >  1 1 Y 1 1 T H E N  G O T O  2 5 1 0  
2 4 40 C L S  
2 4 5 0  P R I N T " T h e  s i z e s c a n  b e  u s ed f r- o m t h e  
f o l l o w i n g  1 2  s i z e s . .  : P R I N T 
2460 F' R I N T  " ( 1 )  v f s ( 2 )  f s  ( 3 )  ms ( 4 )  c s  ( 5 )  v c s ( 6 )  v f <.;J 
( 7 )  f g  ( 8 )  mg ( 9 )  c g  < 1 0 )  v c g  ( 1 1 )  s c  < 1 2 )  1 c 1 1 : F' R H-.jT 
2470 I N P U T  " Wh i c h r a n g e  i s  n ee d ed " ; S , E  
2 4 8 0  P R I N T : FOR I N  = S T O  E 
2490 P R I NT : P F� I N T " P er- c en t a g e  f o r s i z e  1 1 ; I N :  I I\I P U T  ! I  
" , S I Z E < 2 , I N )  
2 500 N E X T  I N  
2 5 1 0  I F  P L  = 1 G O T O  2 5 3 0  
2 5 2 0  P R I NT : P R I NT " T h e  b e d m a t e r i a l g r ad a t i on i s : 1 1 
2525 P R I N T 
2530 FOR I = 1 TO 1 2  
2540 READ S I Z E ( 1 , I )  , S I Z E C 2 ,  I )  
2550 I F  P L  = 1 G O T O  2 5 7 0  
2 5 6 0  P R I N T S I Z E < 1 , I > , S I Z E < 2 , I >  
2570 T O T A L = TOTAL + S I Z E < 2 , I >  
2 5 8 0  NE X T  I 
2590 I F  A B S < T D T A L  - 1 00 )  > . 00 1  T H E N  
P R I N T 1 1 T o t a l  n o t  e q Ll a l  t o  1 00 /.  " : E N D  
2600 H I P !  = 0 
2 60 5 I F  M A N $ < >  1 1 Y 1 1  G O T O  2 6 2 0  
2 6 1 0  P F.� I N T : I NP U T  " l.&Jh a t  i s  t h e p e r c en t  s m a l l er s i z e  
n e e d e d  1 1 ; D P I : PR I NT 
2 62 0  D P I = 5 0  
2 6 3 0  F O R  M = 1 T O  1 2  
2 6 4 0  I F  S I Z E < 2 , M ) = 0 THEN GOTO 2730 
2650 L O P I = 0 : H I P I  = 1 0 0 
2 6 6 0  H I S I Z E = S I Z E < l , M > * SQR < 2 >  
26 7 0  L O S I Z E = S I Z E < l , M ) / S Q R C 2 ) 
. 2680 D S I Z E < M > = E X P < - < < L O G < H I S I Z E > -LDG C L O S I Z E ) ) * ( H I P I - DP I > 
/ ( H I F' I - L OP I > -LO G < H I S I Z E > > >  
2 6 9 0  I F S I $  = " m "  THEN D S I Z E ( !'r1 )  = D S I Z E < M > * l 0 00 / 3 . 2 8 0 8 
2700 I F P L  = 1 G O T O  2 7 2 0  
2 7 1 0  F' F� I NT " T h e  D " ; D P I ; "  s i z e  o f  t h e  n u m b e r  " ; 1"1 ; 
. .  f r a c t i o n  i s  " ; DS I Z E ( M ) ; 1 1 .. ; S I U $  : P R I N T 
2720 I F S I $ = 1 1 in 1 1  THEN DS I ZE ( M )  = D S I ZE ( f"1 )  / 1 0 0 0  
2 7 3 0  NE X T  M 
2 7 4 0  F�E T U F� N 
2 7 4 5  ' * * * * *** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ·� * * * * * * 
2 7 5 0  
' Th i s  sub r o u t i n e c a l c u l a t e s  t h �  n e w A '  
2 75 1 ' b y i n t er p o l a t i o n 
2 7 5 2  ' * * * * * * * * * * * * * ** * * * * ** * * * * * * * * * * * * * * * ** * * * * * * ** 
2760 F O R  T E S T  = 1 TO 2 0  
2 7 7 0  I F  D G R  < P L O T C 1 , T E S T > T H E N  G O T O  2 7 8 0  E L S E  N E X T  T E S T  
2 7 8 0  D G R 1 = F' L D T < 1 , T E S T - 1 >  : D G R 2  = PLOT < l , TE S T > 
2 7 9 0  AP l = P L O T < 2 ,  T E S T  - 1 )  : AF'2 = · P LO T ( 2 ,  T E S.T ) . 
2800 A P H  = · 1 0A ( F N L G < AP 2 > - < < F NLG < DGR 2 l -F N L G C D G R ) ) /  
< FN L G < DG R 2 > -F N L G C D G R 1 ) ) ) * ( F NLG < A P 2 > -F N L G < A P 1 > > >  
28 1 0  AP L = . 2 3 / SQ R C D GR ) + . 1 4 
2820 I F  DGR > 56 A N D  D S QR > 4 . 28 THEN AF' = A P H . : G O T O  2 8 4 0  
2830 AP = < < A P H - A P L ) / 3 . 2 8 > * < D S Q R - 1 > + A P L  
2840 R E T U R N  
284 1 ' ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * fr * * * * * * * * * * 
28 4 2 , V A L L E Y  V I EW S U R F A C E  D A T A  
2 8 4 3  ' * * * * * * * * * ******* ****** * * * * * * * **** * * * * * * * * * * * ** 
2850 DATA . 0 0 0 2 8 9 , 3 . 0 0 
2860 D A T A  . 00 0 58 , 3 . 3  
2 8 7 0  D A T A  . 0 0 1 1 6 , 5 . 1 
2880 D A T A  . 0 0 2 32 , 4 . 2 
2890 D A TA . 0 0 4 64 , 3 . 5 
2900 D A T A  . 0 0 9 2 8 , 4 . 1 
2 9 1 0  D A T A  . 0 1 8 6 , 6 . 8 
2 9 2 0  D A T A  . 0 3 7 1 , 1 5 . 8 
2 9 3 0  D A T A  . 0 7 4 2 , 30 . 6 
2940 D A T A  . 1 4 8 5 , 8 . 8 
2 9 5 0  D A T A  . 2 9 7 , 1 4 . 8 
2 9 6 0  D A T A  . 5 9 4 , 0  
2 9 7 0  D A T A  6 36 , 1 . 40 , . 0 0 5 89 , 4 . 74 , 8  
2980 D A T A  O , O , O , O , O , O , O , O , O , O , O  
2 9 9 0  D A T A  1 1 5 0 , 2 . 1 4 , . 00 5 8 9 , 5 . 1 6 , 7 . 5 
3000 D A T A  O , O , O , O , O , O , O , O , O , O , O  
30 1 0  D A T A  1 50 0 , 2 . 28 , . 00 5 8 9 , 6 . 20 , 7 . 0  
3 0 2 0  D A T A  O , O , O , O , O , O , O , O , O , O , O 
3 0 3 0  D A T A  1 37 0 , 2 . 3 4 , . 00 5 8 9 , 5 . 4 7 , 1 1 . 5  
3040 D A T A  O , O , O , O , O , O , O , O , O , O , O  
3 0 5 0  D A T A  1 7 3 0 , 2 . 83 , . 0 0 5 8 9 , 5 . 5 6 , 1 1 . 5  
3060 D A T A  o , o , o , o , o , o , o ,
·
o , o , o , o  
306 1 ' * * * * * * * * * ********* * * * * * * * * * * * * * * * * * * * * * * * * *  
3 0 6 2  ' V A L L E Y  V I EW D E P T H  D A T A  
3 0 6 3  ' * * * * * * * * * * * ***** ******** * * * * * * * * * * * * * * * * * * *  
3 0 7 0  D A T A  . 00 0 2 8 9 , 0 . 9 0 
3080 D A T A  . 0 0 0 5 8 , 1 . 6  
3090 D A T A  . 00 1 1 6 , 4 . 1 
3 1 0 0 D A T A  . 0 0 2 3 2 , 7 . 3  
3 1 1 0  D A T A  . 00 4 6 4 , 8 . 1 
3 1 2 0 D A T A  . 00 9 2 8 , 6 . 8  
3 1 30 D A T A  . 0 1 86 , 1 0 . 9 
3 1 4 0 D A T A  . 0 3 7 1 , 1 4 . 8 
3 1 50 D A T A  . 0 7 4 2 , 3 1 . 5  
3 1 60 D A T A  . 1 4 8 5 , 1 4 . 0 
3 1 7 0 D A T A  . 2 9 7 , 0 . 00000 1 
3 1 8 0 D A T A  . 5 9 4 , 0  
3 1 9 0 D A T A  6 36 , 1 . 4 0 , . 00 5 8 9 , 4 � 7 4 , 8  
3 200 D A T A  O , O , O , O , O , O , O , O , O , O , O  
3 2 1 0  D A T A  1 1 5 0 , 2 . 1 4 , . 00 5 8 9 , 5 . 1 6 , 7 . 5 
3 2 2 0  D A T A  O , b , O , O , O , O , O , O , O , O , O  
3 2 3 0  D A T A  1 5 00 , 2 . 2 8 , . 00 5 8 9 , 6 . 2 0 , 7 . 0 
3 2 4 0  D A T A  O , O , O , O , O , O , O , O , O , O , O  
3 25 0  D A T A  " 1 3 7 0 , 2 . 3 4 , . 00 5 8 9 , 5 . 47 , 1 1 . 5  
3260 D A T A  O , O , O , O , O , O ,. O , O , O , O , O  
3270 D A T A  1 7 3 0 , 2 . 8 3 , . 00 5 8 9 , 5 . 5 6 ; 1 1 . 5  
3280 D A T A  O , O , o , o , o , o , o , o , o , o , o  
66 
3 2 8 1 ' * * * * * * * * * * * * * * * * * * * ***** ****** * * * * * * * * * * * *  
3 2 8 2  I H I G H W A Y  88 SURFACE DATA 
32 8 3 ' ** * * * * * * * * * * * * * * * * **** ******** * * * * * ** * * * * *  
3 2 9 0  D A T A  . 00 0 2 8 9 , 0 . 6 0 
3300 D A T A  . 00 0 5 8 , 0 . 8 
3 3 1 0  D A T A  . 00 1 1 6 , 2 . 9 
3 3 2 0  D A T A  . 00 2 32 , 7 . 4  
3 3 3 0  D A T A  . 00 4 6 4 , 8 . 4 0 
3 34 0  D A T A  . 00 9 28 , 6 . 7  
3 3 5 0  D A T A  . 0 1 86 , 8 . 4 0 
3 36 0  D A T A  . 0 3 7 1 , 1 6 . 0 
3 3 7 0  D A T A  . 0 7 4 2 , 2 8 . 9 
3 3 8 0  D A T A  . 1 4 8 5 , 1 9 . 9 
3 3 9 0  D A T A  . 2 9 7 , 0  
3 4 0 0  D A T A  . 5 9 4 , 0  
3 4 1 0  D A T A  63 8 , 1 . 7 9 , � 00 3 3 2 , 3 . 1 5 , 1 2  
3 4 2 0  D A T A  O , O , O , O , O , O , O , O , O , O  
3 4 30 D A T A  8 3 9 , 1 . 8 1 , . 0 0 3 3 2 , 4 . 2 4 , 9 . 5  
3 4 4 0  D A T A  O , O , O , O , O , O , O , O , O , O  
3 4 5 0 D A T A  1 50 0 , 2 . 2 8 , . 0058 9 , 5 . 38 , 8 . 5  
3460 D A T A  O , O , O , O , O , O , O , O , O , O  
3 4 7 0  D A T A  1 1 5 5 , 2 . 2 8 , . 00 3 3 2 , 4 . 1 5 , 8 . 5 
3 4 8 0  DATA O , O , O , O , O , O , O , O , O , O  
3 4 9 0  DATA 1 30 0 , . 2 . 3 6 , . 0 0 3 3 2 , 4 . 4 4 , 8 . 5  
3 5 0 0  D A T A  O , O , O , O , O , O , O , O , O , O  
3 5 1 0  D A T A  1 35 0 , 2 . 36 , . 00 3 3 2 , 4 . 6 1 , 8 . 5 
3 5 2 0  DATA o , o � o , o , o , o , o , o , o , o  
3 5 3 0  D A T A  1 35 0 , 2 . 3 6 , . 0 0 3 3 2 , 4 . 46 , 8 . 5  
3 5 4 0  D A T A  O , O , O , O , O , O , O , O , O , O  
3550 D A T A  1 1 00 , 2 . 3 2 , . 00 3 32 , 4 . 02 , 8  
�560 D A T A  O , O , O , O , O , O , O , O , O , O  
35 6 1  ' ** * * * * * * * * * * * ** * * * ******** ******* * * * * * * *  
3 5 6 2  ' H I G H W A Y  88 D E P T H  D A T A  
3 5 6 3  ' * * * * * * * * * * * * * * * * * * * * ******** * * * * * * * * * * * *  
3 5 7 0  D A T A  . 0 0 0 2 8 9 , . 5  
3580 DATA . 00 0 5 8 , . 8  
3590 D A TA . 00 1 1 6 , 3 . 7 
3600 D A T A  . 0 0 2 3 2 , 9 . 7  
3 6 1 0  D A T A  . 0 0464 , 7 . 8  
3620 DATA . 0 0 9 2 8 , 6 . 0  
3630 DA TA . 0 1 8 6 , 9 . 1 
3 6 4 0  DATA . 0 3 7 1 , 1 6 . 5 
3 65 0  DATA . 0 7 4 2 , 1 3 . 0 
3 6 6 0  D A T A  . 1 4 8 5 , 3 2 . 9 
. 3 6 7 0  DATA . 2 9 7 , 0  
3680 D A T A  . 5 9 4 , 0  
3 6 9 0  D A T A  6 38 , 1 . 79 , . 0 0 3 3 2 , 3 . 1 5 , 1 i 
3700 D A T A  O , O , O , O , O , O , O , O , O , O  
3 7 1 0  D A T A  83 9 , 1 . 8 1 , . 00 3 3 2 , 4 . 2 4 , 9 . 5 
3 7 2 0  D A T A  O , O , O , O , O , O , O , O , O , O  
3 7 30 D A T A  1 500 , 2 . 2 8 , . 0 058 9 , 5 � 3 8 , 8 . 5  
3740 D A TA o , o , o , o , o , o , o , o , � , o  
3750 DATA 1 1 5 5 � 2 . 2 8 , . 0 033 2 , 4 . 1 5 , 8 . 5 
3 7 6 0  DATA O , O , O , O , O , O , O , O , O , O  
3770 DATA 1 3 00 , 2 . 3 6 , . 0 0 3 3 2 , 4 . 4 4 , 8 . 5 
3780 DATA 0 ,  0 ,  0 ,  0 ,  0 ,  0_, 0 ,  0 ,  0 ,  0 
3 790 DATA 1 3 50 , 2 . 3 6 , . 0 0 3 3 2 , 4 . 6 1 , 8 . 5 
3800 DATA O , O , O , O , O , O , O , O , O , O  
38 1 0  DATA 1 35 0 , 2 . 3 6 , . 0 0 3 32 , 4 . 4 6 , 8 . 5 
3820 DATA O , O , O , O , O , O , O , O , O , O  
3830 DATA 1 1 0 0 , 2 . 3 2 , . 0 0 3 32 , 4 . 02 , 8  
3 8 4 0  DATA O , O , O , O , O , O , O , O , O , O  
3 8 4 1 ' ** * ** * * * * * * * * * * * **** ***** * ******** ** * 
3 8 4 2  
' 
H R S  S E R I ES A DATA 
38 4 3  ' ** ** * * * * * * * * * * * * * * * * ********** * * * * * * *  
3 8 5 0  DATA . 0 0 0 2 8 9 , 1 . 7 1 
3860 DATA . 0 0 0 5 8 , 5 . 4 6 
3 8 7 0  DATA . 0 0 1 1 6 , 2 2 . 4 4 
3880 DATA . 0 0 2 3 2 , 1 1 . 7 7 
38 9 0  DATA . 0 0 4 64 , 1 1 . 5 3 
3 9 0 0  DATA . 0 0 9 2 8 , 1 8 . 60 
3 9 1 0  DATA � 0 1 8 6 , 2 2 . 8 4  
3 9�0 DATA . 0 3 7 1 , 5 . 65 
3 9 3 0  DATA . 07 4 2 , 0  
3 9 4 0  DATA . 1 4 8 5 , 0  
3 9 5 0  DATA . 29 7 , 0  
3 9 6 0  DATA . 59 4 , 0  
3 9 7 0  DATA . 1 9 9 , . 1 6 6 , . 0 006 8 , . 4 9 2 , 1 2 
3 980 DATA . 0 1 7 1 , . 8 8 , 8 . 50 � 3 . 5 6 , . 9 1 , . 36 , . 0 5 5 6 , 0  
3 9 90 DATA . 1 9 9 , . 1 5 9 , . 0 0 0 7 7 , . 5 1 6 , 1 2 
4 00 0  DATA . 02 3 2 , 1 . 64 , 1 1 . 7 1 , 4 . 0 3 , 1 . 1 0 , . 6 6 , . 1 4 , 0  
4 0 1 0  DATA . 1 9 9 , . 1 4 5 , . 0 0 0 7 9 , . 5 6 5 , 1 2 
4 0 2 0  DATA . D 1 4 2 , 1 . 7 6 , 9 . 3 2 , 3 . 4 9 , 1 . 4 8 , 1 . 4 5 , . 2 7 , 0  
4030 DATA . . 1 9 7 , . 1 6 9 , . 0 006 6 , . 4 7 9 , 1 2 
4 0 4 0  DATA . 0 1 6 , . 4 6 , 4 . 2 9 , 2 . 49 , 1 . 0 7 , . 4 9 , . 0 7 3 7 , 0  
4 0 5 0  DATA . 1 9 6 , . 1 4 7 , . 00 0 8 9 , . 5 4 7 , 1 2 
4 0 60 DATA . 0 3 4 5 , 2 . 02 , 1 1 . 7 7 , 4 . 9 4 , 2 . 5 8 , 2 . 7 8 , . 6 7 , 0  
4 0 7 0  DATA . 1 9 7 , . 1 3 3 , . 00 1 0 9 , . 60 8 , 1 2  
4 08 0  DATA . 0 3 60 , 2 . 4 , 1 3 . 6 2 , 5 . 4 1 , 3 . 0 3 , 3 . 7 1 , 1 . 7 8 , . 0 33 
4090 DATA . 1 9 7 , . 1 2 3 , . 00 1 7 0 , . 6 60 , 1 2 
4 1 00 DATA . 1 2 , 6 . 9 9 , 3 3 . 5 3 , 1 6 . 4 3 , 1 1 . 9 3 , 1 6 . 7 2 , 1 1 . 7 1 , . 3 7 
4 1 1 0  DATA . 1 9 7 , . 1 3 1 , . 00 1 5 3 , . 6 2 1 , 1 2 
4 1 2 0  DATA . 1 0 , 4 . 5 2 , 2 5 . 1 2 , 1 5 . 27 , 1 2 . 1 7 , 1 6 . _ 44 , 9 . 3 5 , . 1 9  
4 1 3 0 DATA . 1 96 , . 1 2 1 , . 00 2 4 9 , . 6 6 6 , 1 2 
4 1 4 0  DATA . 0 9 3 9 , 7 . 4 7 , 4 1 . 2 1 , 2 5 . 7 2 , 2 2 . 9 2 � 30 . 5 7 , 2 6 . 80 , 1 . 9 4 
4 1 5 0 DATA . 1 9 8 , . 1 22 , . 00 2 8 9 , . 7 3 1 , 1 2 
4 1 6 0  DATA . 3 1 , 1 6 . 09 , 8 8 . 0S , 6 1 . 5 7 , 7 1 . 4 3 , 1 04 . 9 2 , 8 8 . 4 8 , 5 . 3 2 
4 1 7 0 DATA . 1 � 3 , . 1 0 7 , . 0 0 3 6 6 , . 7 4 5 , 1 2 
4 1 8 0  DATA . 5 0 , 3 2 . 06 , 1 7 4 . 5 7 , 1 0 2 . 2 7 , 1 1 7 . 9 6 , 1 8 7 : 2 6 , 2 0 2 . 5 3 , 1 7 . 7 8 
4 1 8 1  ' * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * *  
4 1 8 2  ' . HRS SEF: I ES B DATA 
4 1 8 3 ' * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
4 1 90 D A T A  . 0 0 0 2 8 9 , 2 . 1 2  
4200 DATA . 00 0 5 8 , 6 . 8 3 
4 2 1 0  
4 2 2 0  
4 23 0  
4 2 4 0  
4 2 5 0  
4 2 6 0  
4 2 7 0  
4 2 8 0  
4 2 9 0  
4 3 0 0  
4 3 1 0  
4320 
4 3 30 
4 3 4 0  
4 3 5 0  
4 3 6 0  
4 3 7 0  
4 3 8 0  
4 39 0  
4 4 0 0  
44 1 0  
4 4 2 0  
4 4 3 0  
4 4 4 0  
4 4 5 0  
4 4 6 0  
4 4 70 
4 4 8 0  
DATA 
DA T A  
DA T A  
D A T A  
D A T A  
D A T A  
D A T A  
D A T A  
D AT A  
D A T A  
D AT A  
D A T A  
D A T A  
D A T A  
D A T A  
D A T A  
DA T A  
D A T A  
D A T A  
D A T A  
D A T A  
D A T A  
D A T A 
D A TA 
D AT A  
D A T A  
D A T A  
D A T A  
. 00 1 1 6 � 2 1 . 07 
. 00 2 3 2 , 1 1 . 2 4 
. 0 0 46 4 , 2 0 . 2 6 
. 0 0 9 2 8 , 2 9 . 5 8  
. 0 1 86 , 8 . 9  
. 0 3 7 1 , 0  
. 0 7 4 2 , 0  
. 1 4 8 5 , 0  
. 2 9 7 , 0  
. 5 9 4 , 0  
. 2 0 3 , . 1 8 9 , . 00 0 4 4 5 , . 4 4 1 , 1 2 
. 00 2 , . 0 6 5 , 0 . 35 , 0 . 3 4 , . 4 6 , . 3 6 , . 0 3 2 4  
. 2 1 0 , . 1 84 , . 00 0 4 46 , . 4 6 9 , 1 2 
. 0 0 3 , 0 . 2 2 , 1 . 0 5 , 0 . 5 8 , 0 . 5 9 , . 4 6 , . 0 5 4 2  
. 2 0 2 , . 1 6 2 , . 00 0 7 2 2 � . 5 1 6 , 1 2 . 5 
. 0 1 9 6 , 0 . 7 8 , 6 . 1 1 , 4 . 6 2 , 4 . 26 , 3 . 5 8 , 0 . 30 0  
. 2 0 2 , . 1 5 4 , . 0 0 1 6 1 6 , . 53 9 , 1 2 
. 02 4 6 , 2 . 3 9 , 9 . 2 3 , 5 . 7 7 , 6 . 7 5 , 6 . 00 , 0 . 5 8 
. 2 00 , . 1 4 5 , . 00 1 7 6 9 , . 56 7 , 1 2 
� 07 5 4 , 5 . 7 4 , 2 1 . 2 2 , 1 1 . 8 8 , 1 5 . 5 8 , 1 7 . 5 4 , 3 . 4 9 
. 2 0 2 , . 1 1 9 , . 00 2 2 � 2 , . 6 97 , 1 2 
1 . 1 2 , 46 . 4 8 , 1 6 1 . 32 , 1 1 5 . 75 , 1 6 9 . 2 7 , 2 1 3 . 4 2 , 4 4 . 6 
. 20 4 , . 1 2 4 , . 00 2 1 88 , . 6 7 7 , 1 2 
0 . 6 7 , . 2 1 . 4 2 , 1 1 0 . 8 1 , 1 1 1 . 08 , 1 7 0 . 09 , 2 1 6 . 0 3 , 4 3 . 3 1  
. 20 0 , . 1 7 7 , . 00 2 6 1 4 , . 700· , 1 3 
5 . 0 1 , 2 6 . 5 0 , 1 38 � 83 , 1 3 3 . 2 3 , 20 3 . 6 1 , 2 7 2 . 7 4 , 5 9 . 2 6 
. 2 0 1 , . 1 1 5 , . 0 0 2 9 8 7 , . 7 2 2 , 1 2 
. 7 6 , 2 5 . 7 2 , 1 7 4 . 0 6 , 1 7 9 . 0 8 , 2 7 1 . 7 2 , 3 6 1 . 2 1 , 7 7 . 3 9 
A P P E ND I X  D 
Ta b l e s  o f  Re s u l t s  
TABLE 1 1  
Ca l c u l a t e d  S e d i me n t  C o n c e n t r a t i o n s , H R S  Da t a  
O R I G I NA L  
R U N  A C K E R S  - WH I T E  
( p p m ) 
1 8 9 . 5 0 
2 1 3 4 . 2 2 
3 2 2 1 . 0 7 
4 7 3 . 4 6 
5 2 1 0 . 9 1  
6 40 4 . 2 9 
7 7 5 1 . 9 2 
8 5 5 0 . 1 6  
9 9 6 1 . 4 4 
1 0  1 3 4 0 . 0 2 
1 1  1 7 5 8 . 8 2 
O R I G I N AL  
RUN ACK E R S  - WH I T E  
( p pm ) 
H R S  SER I E S A 
MO D I F I ED 
WH I T E  - DA Y A C K E R S  - WH I T E  ACTUAL 
( p pm ) ( p p m ) ( p p m ) 
8 . 2 7 3 . 6 1 1 4 . 2 7 
1 6 . 3 8 7 . 3 2 1 9 . 3 5 
3 4 . 5 2 1 9 . 5 9 1 7 . 7 9 
5 . 6 5 2 . 6 3 8 . 8 8 
3 1 . 7 1 1 6 . 7 1  2 4 . 6 9 
8 4 . 0 2 - 7 1 . 0 9 3 0 . 0 0  
1 9 0 . 6 8 1 9 0 . 9 5 9 7 . 5 6 
1 2 4 . 5 4 1 1 2 . 4 2 8 3 . 2 7 
2 5 7 . 1 2 2 6 0 . 5 8 - 1 5 6 . 5 3 
4 5 1 . 0 3 4 3 0 . 1 7  4 3 6 . 0 6 
5 8 0 . 1 3 6 0 4 . 9 7 8 3 4 . 8 5 
HRS  S ER I E S B 
MOD I F I ED 
WH I T E - DAY A C K E R S · - WH I T E  ACTU A L  
( p p m ) ( p p m ) ( p p m ) . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 2 1 . 0 6 0 . 4 9 1 . 0 7 1 . 6 2 
2 3 5 . 4 2 1 . 8 7 1 . 8 3 2 . 9 8 
3 1 2 6 . 7 1 2 2 . 7 0 1 4 . 3 6 1 9 . 6 3 
4 3 0 7 . 8 2 7 4 . 9 9 6 9 . 0 3  3 0 . 7 5 
5 4 1 0 . 2 7  1 0 8 . 6 3 1 0 2 . 7 7 7 5 . 4 0 
6 1 0 6 7 . 9 8 4 08 . 9 6 4 1 2 . 2 1 . 7 4 9 . 6 5 
7 9 3 0 . 4 1 3 4 0 . 6 4 3 4 2 . 6 2 6 7 3 . 6 3 
8 8 2 7 . 2 9 4 5 6 . 7 6 · 3 5 4 ·. 0 2  8 3 5 . 8 5 
9 1 3 9 1 . 0 4 5 6 0 . 2 2 5 8 7 . 0 1 1 0 8 9 . 9 5 
70 
TABLE 1 2  











1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
O R I G I NA L  
A C K E R S  - W H I T E  
( p p m )  
4 2 6 . 0 0  
1 4 9 . 6 3 
6 4 9 . 9 6 
1 1 6 9 . 64 
1 7 8 0 . 3 1  
5 3 . 0 7 
1 0 3 . 0 7 
1 6 8 . 8 0 
7 5 . 7 0  
1 2 0 . 1 8  
1 08 . 00 
1 4 7 . 4 0 
4 7 . 6 8 
1 6 6 6 . 6 0 
1 1 7 0 . 3 9 
3 0 4 . 3 6 
1 2 7 . 3 7 
2 5 9 . 8 4 
8 6 7 . 4 7 
1 2 4 . 9 8 
2 1 0 . 7 5  
1 3 8 . 8 5 
1 3 3 . 7 4 
2 0 4 . 5 9 
5 4 9 . 2 4 
M OD I F I ED 
A C K E R S  -WH I T E  
( p pm )  
4 4 4 . 3 6 
1 4 5 . 2 9  
5 2 8 . 5 3 
9 9 5 . 5 5 
. 5 5 4 4 . 6 4  
3 3 . 4 4 
7 3 . 7 2 
1 6 3 . 3 6 
5 5 . 4 2 
9 1 . 1 1 
8 2 . 1 1  
1 1 4 . 5 2 
3 2 . 1 9 
4 0 9 8 . 0 9 
1 6 4 0 . 5 6 
2 8 9 . 7 6 
9 6 . 0 6  
4 2 3 . 5 6 
1 1 6 1 . 5 9 
1 4 2 . 1 7  
2 9 8 . 7 7 
. 1 6 7 . 4 7 
1 9 6 . 4 7 
2 6 2 . 8 6 









TABLE 1 3  
C a l c u l a t e d  S e d i m e n t  Co n c e n t r a t i o n s , 
V a l l e y  V i e w  B r i d g e  Da t a  
S URFACE  S AMPLE 
O R I G I NA L  
· A C K E R S  - WH I TE 
( p p m ) 
4 2 2 . 9 9 
3 0 1 . 3 9 
5 80 . 9 2 
3 3 9 . 0 5 
2 6 5 . 4 4 
DEPTH S A MPLE 
O R I G I NA L  
A C K E R S  - WH I T E  
( p p m ) 
MOD I F I ED 
A C K E R S . - WH I T E  
( p pm ) 
4 7 5 . 8 5 
5 8 4 . 5 2 
9 2 6 . 9 1 
' 7 3 2 . 3 8 
8 6 1 . 1 5 
MOD I F I ED 
A C K E R S  - W H I T E  
( p p m ) 






5 3 5 . 1 5  
3 7 9 . 4 6 
6 2 2 . 4 0 
4 0 6 . 0 5 
3 2 4 . 4 9 
8 8 9 . 9 3 
1 3 2 1 . 7 4 
2 1 0 3 . 8 3 
1 4 8 3 . 6 0 












TABLE 1 4  
C a l c u l a t e d  S e d i m e n t  C o n c e n t r a t i o n s , 
H i g hw a y  8 8  B r i d g e  D a t a  
S UR F A C E  S AMPL E  
O R I G I NAL 
A C K E R S  - WH I T E  
( p p m )  
0 
1 7 2 . 9 3 
3 6 7 . 1 8 
9 3 . 8 4 
1 3 7 . 9 0 
1 7 0 . 9 9 
1 4 1 . 6 7 
6 9 . 8 5 
OEPTH S AMPLE 
O R I G I NAL 
A C K E R S  - WHI T E  
( p p m )  
MO D I F I E D  
A CK E R S  - WH I T E  
( p p m )  
1 0 9 . 3 8 
2 7 4 . 3 9 
1 0 6 8 . 0 6 
2 3 4 . 8 1 
2 8 1 . 8 4 
3 1 2 . 3 7 
2 8 5 . 3 5 
2 1 4 . 1 5  
MO D I F I E D 
A CK E R S  - WH I T E  
( p p m )  









8 . 4 2  
2 06 . 1 6 
3 8 9 . 3 5 
1 2 0 . 3 9 
1 6 4 . 2 6 
1 9 7 . 2 2 
1 6 8 . 0 3 
9 5 . 1 7 
8 2 . 9 5 
2 1 6 . 6 7 
5 1 9 . 3 1 
1 6 5 . 1 5  
1 9 6 . 6 8 
2 1 9 . 7 6 
1 9 9 . 3 2 
1 4 8 . 1 6  
73 
TABLE 1 5  
Cal c u l a t e d  S e d iment  C o n c e n t r a t i o n s  i n  ppm  b y  S i i e Frac t i o n s , HRS Da t a  
HR S SER I E S  A 
S I ZE FRACT I ON 
RUN VFS FS MS cs vcs VFG FG MG 
( ppm ) ( p pm ) ( p pm ) ( p pm ) ( p pm ) ( p p m ) ( p pm ) ( p p m ) 
- - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 WHITE - DAY o . oo 0 . 04 2 . 2 4 3 . 2 5 2 . 7 2 o . o o o . o o 
MOD I F I E D o . o o 0 . 2 2 2 . 6 4 0 . 7 5 o . oo o . oo o . oo 
ACTUAL 0 . 0 2 0 . 8 8 8 . 50 3 . 5 6 0 . 9 1 0 . 3 6 0 . 0 6 
2 WHITE - DAY o . o o 0 . 1 1  4 . 0 9 5 . 9 5 ' 6 .  2 3  o . oo o . oo 
MO D I F I E D  o . oo 0 . 4 0 4 . 7 1 2 . 06 0 . 1 4  0 . 00 o . o o 
ACTUAL 0 . 0 2 1 . 6 4 1 1 . 7 1 4 . 0 3 1 . 1 0 0 . 6 6 0 . 1 4  
3 WH ITE - DAY o . oo 0 . 1 5  6 . 8  1 1 . 4 7 1 5 . 7 3 0 . 3 6 o . o o 
MO D I F I E D o . oo 0 . 5 4 7 . 7 3 5 . 1 0  3 . 5 2 2 . 4 0 0 . 2 9 
ACTUAL 0 . 0 1 1 .  7 .6 9 . 3 2 3 . 4 9 1 . 48 1 . 4 5 0 . 2 7 
4 WHITE - DA Y o . o o 0 . 0 9 1 . 7 2 2 . 3 7 1 . 5 2 o . o o o . o o 
MODI F I ED o . oo 0 . 1 8  2 . 05 0 . 3 9 o . oo o . oo o . oo 
.ACTUAL 0 . 0 2 0 . 4 6 4 . 2 9 2 . 4 9 .1 . 0 7  0 . 4 9 0 . 0 7 
( c o n t i n ued ) ' '· 
-...::1 
+=-
TABLE 1 5  ( c o n t i n ued ) 
S I Z E  FRACTI ON 
RUN VFS FS MS cs vcs VFG FG MG 
( p pm )  ( p pm )  ( p pm )  .( p pm )  ( p pm )  ( p pm )  { p p m )  ( p pm )  
- � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
"5 · WH ITE - DAY o . oo 0 . ·2 2  7 . 4 8 1 0 . 8 9 1 3 . 1 1  o . oo o . oo 
MOD I F I E D  o . o o 0 . 7 2 8 . 4 6 4 . 8 3 2 . 4 1 0 . 3 0 o . oo 
ACTUAL 0 . 0 3 2 . 0 2 1 1 . 7 7 4 . 9 4 2 . 5 8 2 . 7 8 0 . 6 7 
6 WHITE  - DAY 0 . 0 1 0 . 6 1  1 7 . 5 1  2 4 . 5 6  3 2 . 3 3 9 . 0 1 o . oo o . o o 
MODI FIED 0 . 0 1 1 . 7 3 1 9 . 3 7 1 3 . 5 2 1 2 . 3 2 1 3 . 6 9 1 0 . 4 5 o . oo 
ACTUA L 0 . 0 4 2 . 4 0 1 3 . 6 2 5 . 4 1 3 . 0 3 3 . 7 1 1 . 7 8 0 . 0 3 
7 WHITE- - D A Y  0 . 08 2 . 8 3 4 6 . 5 0 5 1 . 3 3 6 1 . 5 4 2 8 . 3 9 o . oo o . o o 
MOD I F I E D  0 . 0 9 6 . 5 4 5 0 . 4 0 3 2 . 4 7 30 . 4 9 3 5 . 6 0 3 3 . 7 3 1 . 6 3 
ACTUAL 0 . 1 2  6 . 9 9 3 3 . 5 3 1 6 . 4 3 1 1 . 9 3 1 6 . 7 2 1 1 . 7 1 0 . 3 7 
8 WHITE - DAY 0 . 0 5 1 . 8 5 3 2 . 1 4 3 5 . 8 9 4 1 . 8 3 1 2 . 7 8 o . o o o . o o 
MOD I F I E D  0 . 0 5 4 . 46 3 5 . 0 3 2 1 . 6 1 1 8 . 2 7  1 8 . 0 7 1 4 . 9 4 o . o o 
ACTUA L 0 . 1 0  4 . 5 2  2 5 . 1 2 1 5 . 2 7 1 2 . 1 7  1 6 . 4 4 9 . 3 5 0 . 1 9  
9 WH ITE · - DAY 0 . 5 8 7 . 2 0 7 6 . 1 7 6 8 . 3 9 7 2 . 9 8 3 1 . 7 9 o . oo o . oo 
MOD I F IED · 0 . 6 0 1 5 . 0 4 8 1 . 8 2 4 5 . 3 9 3 8 . 3 5 3 9 . 3 7 3 7 . 8 7 2 . 1 4 
ACTUAL 0 . 0 9 7 . 4 7 4 1 . 2 1 2 5 . 7 2 2 2 . 9 2 3 0 . 5 7 2 6 . 8 0 1 . 9 4 
1 0  WHITE - DA Y 1 . 1 6 1 2 . 4 2 1 2 2 . 0 2 1 0 7 . 1 7  1 1 7 . 1 5  6 9 . 3 5 2 1 . 7 4 o . o o 
MO D I F I E D  1 . 5 8 26 . 4 3 1 2 7 . 0 5 6 9 . 2 1 6 0 . 9 8 6 8 . 1 8 6 9 . 8 0 6 . 9 5 
ACTUAL 0 . 3 1  1 6 . 0 9 8 8 . 08  6 1 . 5 7 7 1 . 4 3 1 04 . 9 2 8 8 . 4 8 5 . 3 2 
1 1  WH I T E - DAY 2 . 9 8 2 0 . 4 8 1 6 5 . 5 5 1 3 3 . 0 6 1 3 9 . 3 9 8 3 . 8 0 3 4 . 8 8 o . o o 
MO DI F I E D  3 . 0 6 39 . 7 5 1 7 6 . 3 2 94 . 0 2 8 3 . 4 2 9 5 . 5 5 1 0 1 . 0 6 1 1 . 8 0 
" ACTUAL 0 . 5 0 3 2 . 06 1 7 4 . 5 7 1 0 2 . 2 7 1 1 7 . 9 6 1 8 7 . 2 6 2 0 2 . 5 3 1 7 . 7 8 � 
V\ 
TABLE 1 6  
Ca l c u l a t e d S e d i ment  Con c e n t r a t i o n s  i n  p pm b y  S i z e  F r a c t i o n s , HRS  Da t a  
H R S  S ER I ES B 
· s i Z E  FRACT I ON 
RUN VFS  F S  M S  c s  vcs VFG FG  
{ p p m )  { p pm )  { p pm )  { p pm )  { p pm )  ( p p m )  ( p pm )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 WH ITE  - DAY  o . o o 0 . 0 6 1 . 1 7 2 . 1 5  o . oo o . o o o . o o 
MOD I F I ED o . oo 0 . 1 5  0 . 9 2 o . oo o . oo o . oo o . oo 
ACTUA-L o . o o 0 . 0 7 0 . 3 5 o .  3 4 . 0 . 4 6 0 . 3 6 0 . 0 3 
I 
2 WH ITE - DAY o . oo 0 . 1 0 2 . 2 6 7 . 2 3 2 . 8 4 o . oo o . o o 
MO DI F I E D o . o o 0 . 1 9  1 . 4 6 0 . 1 8  o . oo o . o o o . o o 
ACTUAL o . oo 0 . 2 2 1 . 0 5 0 . 5 8 0 . 5 9 0 . 4 6 0 . 0 5 
3 WH ITE - DAY  0 . 0 3 2 . 3 1 20 . 4 2 5 5 . 2 4 5 9 . 4 0 o . oo 0 . 0 0 
MO D I F I ED 0 . 0 1 1 . 3 2 8 . 1 5 3 . 7 4 1 . 1 2 o . oo o . o o 
ACTUAL  0 . 0 2 0 . 7 8 6 . 1 1  4 . 6 2 4 . 2 6 3 . 5 8 0 . 3 0 
4 WHITE - DAY 0 . 1 6  2 . 4 8 2 1 . 9 2 1 9 . 4 7 3 0 . 9 5 o . oo o . oo 
MOD I F I ED 0 . 9 3 1 0 . 1 3  3 3 . 2 3 1 4 . 2 6 1 0 . 4 8 o . oo o . o o 
ACTUAL 0 . 0 2 2 . 3 9 9 . 2 3 5 . 7 7 6 . 7 5 6 . 00 0 . 5 8 
5 WH ITE - DAY  0 . 2 3 3 . 4 7 30 . 0 0 2 7 . 1 4  4 6 . 9 5  0 . 8 4 o . o o 
MO D I F I ED 1 . 3 2 1 3 . 5 6 4 4 . 5 6 2 0 . 4 5 1 9 . 6 5 3 . 2 2 o . o o 
ACTUA L 0 . 0 8 . 5 .  7 4  2 1 . 2 2 1 1 . 8 8 1 5 . 5 8 1 7 . 5 4 3 . 4 9 
· ( c o n t i n u e d ) -·,J Q'\ 
TABLE  1 6  ( c o n t i n u e d ) 
S I Z E  FRA CT I ON 
RUN VFS  FS  MS  c s  vcs VFG  F G  
( p pm )  ( p pm )  ( p pm )  ( p p m )  ( p pm )  ( p p m )  ( p pm ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
6 WH ITE  - DAY  0 . 6 9 9 . 9 7 83 . 7 4 7 8 . 9 1 1 6 1 . 0 9 7 3 . 08 1 . 4 9 
MOD I F I ED 3 . 5 6 3 4 . 8 6 1 1 7 . 8 0 6 3 . 5 2 9 5 . 2 8 8 2 . 6 8 1 4 . 5 1 
ACTUAL 1 . 1 2 46 . 4 8 1 6 1 . 3 2 1 1 5 . 7 5 1 6 9 . 2 7 2 1 3 . 4 2 44 . 6 0  
7 WH I T E  - DAY  0 . 6 3 8 . 7 7 7 2 . 84 6 7 . 9 6 1 3 6 . 1 2  5 4 . 3 3 o . oo 
MOD I F I ED 3 . 2 4 30 . 9 4 1 0 3 . 0 2 54 . 3 5 7 8 . 2 3 6 2 . 8 0 1 0 . 0 4 
ACTUAL 0 . 6 7 2 1 . 4 2 1 1 0 . 8 1 1 1 1 . 08 1 7 0 . 09 2 1 6 . 0 3 o . oo 
8 WH I T E  - DAY  1 . 3 6 1 4 . 0 3 1 0 1 . 1 2 8 8 . 2 6 1 7 1 . 9 8 7 7 . 8 8 2 . 1 3  
MOD I F I ED 20 . 2 0 5 7 . 3 7 1 2 0 . 9 2  5 1 . 2 3 6 1 . 4 4 3 7 . 5 8 5 . 2 7 
ACTUA L 5 . 0 1 26 . 5 0 1 3 8 . 8 3 1 3 3 . 2 3 2 0 3 . 6 1 2 7 2 . 7 4 5 9 . 2 6 
9 WHITE - DAY 2 . 4 2 1 9 . 4 6 1 2 5 . 9 0 1 0 5 . 4 1 2 0 3 . 5 7 9 7 . 5 9 5 . 8 8 
MOD I F I ED 1 0 . 9 2  6 2 . 2 1 1 7 2 . 7 6  8 6 . 3 1 1 2 5 . 9 0 1 0 8 . 4 1 2 0 . 5 1 
ACTUAL 0 . 7 6 2 5 . 7 2  1 7 4 . 06 1 7 9 . 0 8 2 7 1 . 7 2 3 6 1 . 2 1 7 7 . 3 9 
-.....:1 
-.....:1 
